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Mr. Eric Nuzie 
Federal Facilities Coordinator 

jl ,., 

Florida Department of Environmental Protection 
Twin Towers Building 
2600 Blair Stone Road 
Tallahassee, FI. 32399-2400 
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Document No. 7520.103 

Subject: Submittal of the Facility 325 Remedial Action Plan 
Coastal Systems Station (CSS), Panama City 
Panama City, Florida. 
Contract #N62467-89-D-0317, CTO No. 011. 

Dear Mr. Nuzie: 

Please find attached two copies of the Remedial Action Plan for Facility 325, CSS Panama City. Two copies 
have been sent to Nick Ugolini at Southern Division Naval Facilities Engineering Command in Charleston 
and two copies have been sent to Arturo McDonald at CSS Panama City. One copy has been sent to Tom 
Conrad at Bechtel. 

Should you have any questions concerning this document please feel free to contact Michael Dunaway or 
myself. 

Sincerely, 

ABB ENVIRONMENTAL SERVICES, INC. 

~c.·~ 
Mark C. Diblin, P.G. 
Senior Task Order Manager 

cc: Gopi Kanchibhatla, ABB-ES 
Nick Ugolini, EIC, SouthDiv 
Arturo McDonald, CSS Panama City 
John Mitchell, RPM, FDEP 
Greg Brown, P.E., FDEP 
Tom Conrad, Bechtel 
File 

",/ ·Itr;M~ !. ~ GoPI K~161-fA-T"L.,q. 
Michael K. Dunaway 
Principal Engineer 
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Berkeley Building 
2590 Executive Center Circle East 
Tallahassee. Florida 32301 

Telephone (904) 656-1293 
Fax (904) 877-0742 
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1 
REMEDIAL ACTION PLAN CHECKLIST 

Bureau of Waste Cleanup 
Florida Department of Environmental Protection 

Facility Name: Coastal Systems Station, Facility 325, Panama City Reimbursement Site: [ 

Location: Panama City, Aorida State Contract Site: [ 

FAC ID No.: 

Reviewer: Date: May 20, 1996 Consultant: ABB Environmental Services, Inc 

Date of CAR Approval: February 1996 

This checklist should not be applied in blanket fashion. Technical judgement may be necessary in determining the applicability of some items. However, 
all information listed that is relevant to the remedial design should be provided. 

PAGElS) I. GENERAL 

8-1 (1) 

NA (2) 

2-3 (3) 

3-3 

~ 

.&2.Q-A 

2-4 

.£L-

~I 

~ 

~I 

~ 

App-A (4) 

2-2 (5) 

3-4 (6) 

3-4 

EJ.g 3-5 

NA 

FiQ 3-6 (7) 

RAP signed, sealed, and dated by Rorida P.E. (per FS 471.025) 

indication whether proposed plan is for reimbursement program or state contracted cleanup 

recap of CAR information and conclusions pertinent to RAP preparation 

a) horizontal and vertical extent of contamination in soil and groundwater 

b) volumes of affected soil and groundwater; 

c) estimated mass of contaminants in soil and groundwater . 

d) depth to water table 

e) groundwater flow direction and gradient 

f) hydraulic conductivity of aquifer and method of determination 

g) transmissivity of aquifer and method of determination 

h) confining layer location 

i) lithology of site 

current sampling results (within six (6) months) used for remediation system design 

latest date underground storage tanks and product lines have tested tight 

potable water considerations 

a) method of potable water supply to area 

b) location of private wells in 1/4-mile, and public wells in 1/2-mile radius of site 

c) indication whether FDEP district office drinking water program was notified if contaminant groundwater could be expected to reach 
any public or private water well. Method of notification, person notified, and date. 

underground utilities which may enhance contaminant transport shown 

~ (8) cleanup time 

NA 

.8QQ.:Q 

a) estimated time of cleanup: groundwater; soil 

b) method used to determine cleanup time 
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REMEDIAL ACTION PLAN CHECKLIST Page 2 

~ (9) fencing treatment area required, unless public access is restricted by institutional controls 

~ (10) discussion of required maintenance for proposed equipment, including site visit frequency and special O&M considerations 

~ (11) all local, state, and federal permits obtained and conditions stated 

~ (12) itemized cost estimate for project: capital, operation, maintenance, sampling, and closure 

~ (13) feasibility of leasing equipment considered (cost cannot exceed purchase price) 

R- (14) alternative analysis or discussion of other alternatives considered 

~ (15) cost effective analysis provided if design is innovative 

~ (16) statement that signed and sealed as-built drawings to be provided 

~ (17) nuisance noise and odor to neighbors avoided by careful location of equipment items and exhaust stacks or other mitigating measures 

II. REMOVAL AND/OR REPLACEMENT (R/R) OF PETROLEUM STORAGE SYSTEMS: Technical and Reimbursement Considerations 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2-2 

Yes or No 

NA 

NA 

NA 

NA 

(1) General 

a) indication whether R/R will be claimed as reimbursable expense 

b) acknowledgement that R/R reimbursement is exclusive of hardware 

c) acknowledgement that any relocation and facility renovation activities during R/R are not reimbursable 

d) if dewatering involved during R/R, then documentation provided regarding proper disposal, or verification that water not contaminated. 

e) indication of quantity and location of soil removed, or to be removed, from below the static water table 

(2) PRIOR TO JULY 1, 1992: R/R reimbursement justification based on association of contamination with the tank (or tank pit) 

a) 

b) 

c) 

d) 

e) 

(3) 

a) 

b) 

c) 

d) 

verification of petroleum storage system as potential contamination source by either verified leak, apparent leak, or overlapping when 
soil and/or ·groundwater contamination plumes superimposed on a site map showing tank bed 

indication of whether R/R has already been done, or to be done after RAP approval 

proper disposal of water, soil, and sludge from the R/R 

scaled site map including: 

(1) identification and location of all storage system components to be R/R 
(2) boundaries and dimensions of excavation 

FDEP reviewing engineer: Agree that tanks which were subject of R/R were associated with the contamination? If disagree, then include 
statement in RAP Approval Order, even if tanks already removed 

ON OR AFTER JULY 1. 1992: R/R reimbursement is based on pertinence of tank removal to the achievement of cleanup criteria set 
for in 62-770, FAC. 

R/R justified as meaningful and necessary for achievement of 62-770 FAC cleanup criteria 

if R/R is part of a RAP Modification, then show cost-effectiveness in comparison to other alternatives and no action 

if R/R was done during IRA, then discussion of necessity of R/R in order to remove contaminated soil and/or free product 

if R/R is associated with a MO or NFA, then show that the removal of soil, product, and groundwater contributes or contributed to 
achieving MO or NFA criteria 

~ e) . FDEP reviewing engineer: Agree that R/R contributed (or will contribute) in a meaningful way to site cleanup? If disagree, then include 
statement in RAP Approval Order even if tanks already removed 
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REMEDIAL ACTION PLAN CHECKLIST Page 3 

III. FREE PRODUCT REMOVAL 

Fig 3-1 (1) free product plume identification 

4-1-1 (2) ,description of free product recovery system 

NA (3) oil/water separator sizing calculations and detention time 

NA (4) free product storage tank of adequate size for reasonable maintenance 

NA (5) automated product pump shutdown for high level in product tank 

NA (6) disposition free product after its recovery 

IV. SOIL REMEDlAnON - GENERAL 

~ (1) volumes of all contaminated and excessively contaminated soils 

~ (2) recap of IRA activities and soil volume already excavated 

~ (3) effect of soil leachate from non-excessively contaminated soils on groundwater contaminant levels evaluated 

M...- (4) indication that excessively contaminated soils (per soil guidance manual) will be remediated, or rationale for "no action" alternative for 
soil remediation provided 

~ (5) disposition of excavated, contaminated soils 

~ (6) indication that hazardous soils (e.g., ignitable, corrosive, reactive, toxic, or petroleum refining waste) will be disposed of properly 

V. LAND FARMING OF SOIL , ,~, 

NA (1) adequate surface area available ( sq ft) to spread soils 6 to 12 inches thick 

NA (2) location of landfarming operation ·'ff"···· 

NA (3) landfarming area is flat (less than 50/0 slope) ."\. 

~ (4) impermeable base provided. Type: 

~ (5) surface water runoff controls provided 

~ (6) groundwater monitoring plan proposed if land farm is outside of immediate contamination area 

~ (7) frequency of tilling provided 

~ (8) frequency and details of nutrient application or other enhancements provided (if proposed) 

~ (9) soil sampling frequency and sampling methods provided 

~ (10) potential for land farm causing nuisance conditions evaluated 

~ (11) underlying soil and groundwater monitoring procedures provided and acceptable 

~ (12) landfarming will be continued until the TRPH concentration is 10 ppm or less (by EPA Method 9073) and the BTEX concentration is less 
than 100 ppb (by EPA method 5030/8020); or TRPH concentration is 50 ppm or less, and PAH concentration is 1 ppm or less, and VOH 
concentration is 50 ppb or less. Alternate TRPH standard may be considered if appropriate and acceptable means of soil disposal is 
identified. 

~ (13) cost-effectiveness evaluated 

~ (14) ultimate disposition of soils discussed 

~ (15) need to fence landfarm area considered 
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REMEDIAL ACTION PLAN CHECKLIST Page 4 

VI. LANDFILUNG OF SOILS 

~ (1) landfill lined permitted by FDEP 

~ (2) name and location of landfill provided along with conditions of acceptance 

~ (3) cost-effectiveness considerations 

VII. SOIL THERMAL TREATMENT 

~ (1) name and location of thermal treatment facility provided 

~ (2) facility is permitted for thermal treatment of petroleum contaminated soils 

~ (3) indication of whether pretreatment soil samples will be collected at site or at thermal treatment facility 

~ (4) cost-effectiveness evaluation 

VIII. COMMERCIAL BIOREMEDIATION OF SOIL 

~ (1) name and location of bioremediation facility provided 

~ (2) facility is permitted for bioremediation of petroleum contaminated soils 

~ (3) indication of whether pretreatment soil samples will be collected at site or at bioremediation facility 

~ (4) cost-effectiveness evaluation 

IX. IN SITU BIOVENTING OF SOIL 

~ (1) soil cleanup criteria identification 

~ (2) estimated mass of contaminants in the vadose 

~ (3) pilot test determination of: a) soil temperature, permeability, pH, moisture, b) nutrient requirements; c) presence of suitable indigenous 
microbes; and d) oxygen requirement (usually as pounds of air to pound of hydrocarbon degraded) 

~ (4) layout: a) location of air injection and air extraction and wells with respect to contaminated soil plume location and depth; b) location 
and depth of soil gas monitoring probes with respect to contaminated soil plume and the air injection and extraction wells. 

~ (5) mechanical details, equipment sizing calculations, and operating parameters: a) well type - vertical or horizontal; b) well construction 
details; c) indication whether soil vacuum pump will be used alone (with induced influx of air from unsealed surface acting as oxygen 
source) or accompanied by air injection pump as oxygen source; d) vacuum pump/blower specifications and horsepower; e) method 
and design details of moisture addition if site soils are dry; fJ method and design details of nutrient delivery system, if necessary 

~ (6) estimated cleanup time 

~ (7) instruments, controls, gauges, and valves: a) subsurface soil gas monitoring probes; b) pressure gauges; c) shutoff/throttling valves; 
d) nutrient and moisture addition control devices and meters 

~ (8) monitoring plan: CO2 ; pertinent bioremediation parameters; contaminants of concern. 

~ (9) air emissions: a) generally, no air emissions treatment necessary because vapor flow rates are so low and biodegradation of petroleum 
results in production of CO2 and water; b) evaluation of need for offgas treatment if pilot test indicated that a significant amount of 
coincidental hydrocarbon volatization occurs. 

X. SOIL VACUUM ExTRACTION 

±.!:.L (1) Prerequisites 

..Y£L a) relatively permeable soil 

~ b) depth to groundwater> 3 ft 

~ c) relatively volatile contaminants 

10118/95 
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REMEDIAL ACTION PLAN CHECKLIST Page 5 

(2) Pilot study (results of onsite testing, unless pilot study approaches size of full-scale system) 

~ a) pilot test components designed and located for cost-effective subsequent integratipn into full-scale design 

NA b) diagram of pilot layout indicating location of vapor extraction well, and radial distance of monitoring wells from the vapor extraction 
--- well 

~ c) air flow, cfm 

~ d) radius of influence, ft; vacuum (inches of water) at limit of radius of influence 

~ e) water elevations at monitoring wells to assess groundwater mounding; observed mound, inches 

~ f) vacuum readings at monitoring wells and at various radial distances from extraction well to aid in full-scale design 

~ g) measurement of offgas contaminant concentrations for the purpose of selecting and sizing cost-effective offgas treatment for full-scale 
system 

~ h) determination of soil's permeability (Rule of thumb): permeability should be greater than 10.9 sq cm) 

(3) Full-scale design 

Fig 4-3 a) location(s) and radius of influence, ft; overlapping radii for adequate coverage of excessively contaminated soil plume 

Fig 4-4 b) vapor extraction well(s) construction details 

~ 1) no. of wells; cfm ea well; total cfm; well type (vertical or horizontal); well diameter; well depth; water table (ft bls); screen slot size; 
screened interval (ft bls); well sealed w/bentonite or non-shrinking grout at screen design depth to prevent short-circuiting. 

~ 2) screen location close to water table to optimize collection of vapors across vadose depth but not so close as to collect excessive 
water 

~ c) operating vacuum @wellhead(s), inches water 

4-1-2 

~ 

~ 

~ 

~ 

4-1-1 

App-D VII 

NA 

NA 

NA 

Fig 4-5 

NA 

NA 

NA 

1) calculation of piping system friction losses 

2) calculation of vacuum pump motor hp based on system losses plus required vacuum at wellhead 

d) vacuum source type; regenerative blower; positive displacement vacuum pump; other 

1) design: cfm @ inches water; operating cfm @ inches water 

2) mfgr; model; motor hp; rpm; performance curves; hp calculations or curves 

3) nonferrous materials of construction and/or assembly to minimize potential for sparking and friction 

4) explosion proof motor specified 

e) moisture separator/condensation trap ("knock out pot") prior to inlet of vacuum pump 

f) surface sealing provided for vacuum extraction, or existing concrete or asphalt adequate 

g) safety: 

1) system operation at approximately 25% of Lower Explosive Umit (LEL) 

2) bleed valve to control flammable vapor concentrations 

h) instrumentation, gauges, and appurtenances: 

1) vacuum gauges at each well; temperature gauges (@ vacuum pump and/or exhaust gas stack) 

10/18/95 
RAPCHECK 

2) sample ports for influent from each well, and for the offgas from the treatment unit 
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NA 

~ 

~ 

App D-VI 

4-6 

4-6 

3-1 

4-1-1 

REMEDIAL ACTION PLAN CHECKLIST Page 6 

4) high level switch in knock out pot to either shut down vacuum pump or drain the pot (w /proper disposal of the contaminated 
water) 

i) air emissions (general): 

.1) expected concentrations and quantities of any contaminants discharged to air 

2) method of cost-effective offgas treatment to be provided during first two months of system operation (Provide details in Section 
XI or XII for carbon adsorption or thermal oxidation of offgas, or details of any alternate method proposed) 

j) system monitoring proposal provided: 

1) air emissions to be sampled and analyzed monthly per Department guidance 

2) soil cleanup criteria provided 

3) provision for monitoring wells to serve as vacuum measurement locations (at various radial distances from extraction wells), or 
other provisions for verification of proper operation 

XI. VAPOR-PHASE CARBON ADSORPTION (for control of air emissions) 

~ (1) Cost-effectiveness evaluation in comparison to other alternatives. 

App D-VI (2) Mechanical details, sizing calculations, and operating parameters: a) gas flow rate; b) gas temperature; c) effect of moisture level on 
adsorption; d) identification of contaminants; e) contaminant concentrations; f) retention (expressed as a percent or pounds of 
contaminant adsorbed per pound of carbon); g) carbon usage rate; h) configuration of carbon vessels in series; i) pressure drop; j) 
pressure relief valve for carbon vessels; k) proper disposal/regeneration and replacement of spent carbon. 

Fig 4-5 

7.0 

(3) Instrumentation, controls, gauges, and valves: a) high pressure shutdown switch and pressure relief valve; b) pressure gauges; c) 
temperature gauges; d) sampling ports 

(4) Safety: a) evaluation of need to isolate carbon units from other equipment items in the process train by an in-line flame arrestor; b) 
identification of the Lower Explosive Umit (LEL) for contaminants; c) observance of appropriate requirements in Series 500 articles of 
the National Electrical Code - equipment shall meet either Class I, Group D, Division 1 or Class I, Group D, Division 2 hazardous area 
requirements, whichever is applicable when an equipment item is located in a hazardous area as defined by the code. 

XII. THERMAL/CATALYTIC OXIDATION (for control of air emissions) 

~ (1) Cost-effectiveness evaluation in .comparison to other'alternatives. 

~ (2) Mechanical details, equipment sizing calculations, and operating parameters: a) type - thermal or catalytic; b) combustion air flow rate; 
c) supplemental fuel type - propane or natural gas; d) temperature and retention time; e) stack height; f) stack diameter. 

~ (3) Instrumentation, controls, gauges, and valves: Schematic or mobile unit manufacturer's drawings indicating instrumentation, controls, 
gauges, and valves for all process streams (contaminant-laden influent, fuel gas, and combustion air). 

~ (4) Safety considerations include but are not limited to: a) bleed valve or dilution control valve to maintain influent flammable vapor 
concentration at 25% of the Lower Explosive Umit (LEL); b) evaluation of whether a flame arrestor should be installed in the pipeline 
between thermal oxidation unit and a soil vapor vacuum extraction pump which feeds the oxidizer; c) air purge prior to re-ignition; d) 
observance of appropriate requirements in Series 500 articles of the National Electrical Code - equipment shall meet either Class I, Group 
D, Division 1 or Class I, Group D, Division 2 hazardous area requirements, whichever is applicable when an equipment item is located 
in a hazardous area as defined by the code; and e) use of thermal or catalytic oxidizers which meet appropriate fire codes for handling 
natural or propane gas and prevention offurnace explosions - National Fire Protection Association, Industrial Risk Insurer's, Factory Mutual, 
etc. Some of the most important safety shutdowns for gas-fired burners occur upon: high gas pressure; low gas pressure; loss of 
combustion supply air; loss of failure to establish flame; loss of control system actuating energy; and power failure. 

XIII. GROUNDWATER EXTRACTION 

~ (1) feasibility of using existing on-site wells for groundwater extraction considered 

~ (2) a) recovery well or trench location (s) and construction details included 

b) recovery well depth appropriate for depth of contamination reported in CAR. The recovery well depth should optimize petroleum 
mass recovery relative to groundwater recovery. 

4-1-2 c) well diameter 

10/18/95 
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REMEDIAL ACTION PLAN CHECKLIST Page 7 

Table 4-1 d) screening interval appropriate 

~ (3) predicted horizontal and vertical area of influence with hydraulic gradient provided 

~ (4) expected drawdown in recovery well or trench L-ft) 

~ (5) consideration of multiple well configurations to minimize drawdown 

~ (6) groundwater pump(s) description, pump characteristic curve, design flowrate L-gpm at __ ft TDH provided) mfgr; model; motor 
hp 

NA a) hydraulic design (including friction losses and suction lift considerations acceptable 

~ (7) automated well level controls provided for stopping/starting groundwater pump(s) 

~ (8) totalizing flowmeter installed on influent line from each groundwater recovery pump 

~ (9) check valve provided on pump discharge piping if not integral to pump 

~ (10) shutoff/throttling valve provided on pump discharge piping 

XIV. GROUNDWATER TREATMENT SYSTEM - GENERAL 

~ (1) expected or calculated influent concentrations acceptable (based upon pumping test dynamic sample, weighted averaging procedure, 
or other reasonable assumptions) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

a) summary of the expected influent concentrations: benzene ___ _ toluene ___ ; ethylbenzene ___ _ 

xylene ___ _ MTBE, ___ , total naphthalenes--,,-"' __ 

PAHs __ _ EDB __ _ 1-2 dichloroethane __ _ 

others ____________________ _ 

(2) feasibility of discharge to sewage treatment plant evaluated 

a) consideration given to less time and/or level of treatment required to meet sewage system pretreatment standards 

(3) site piping plan, and schematics of ~ treatment components, piping valves, controls and appurtenances provided 

(4) 

a) influent and effluent sampling ports provided 

b) piping type and size provided 

Iron fouling: a) groundwater analyses: total ppm; dissolved ppm; and b) consideration whether iron fouling should be controlled 
by filtration of influent to remove particulately-bound iron, and/or by removal or sequestering of dissolved iron to prevent precipitation 
in process equipment items, 

(Generally, "normal" concentration of dissolved iron in water is approx. 0.1 to 0.3 ppm, and unless the pH of the water falls below 5, 
it rarely exceeds 1 ppm.) 

~ (5) Calcium carbonate: Consideration whether pretreatment or other measures necessary to prevent fouling by calcium carbonate (Langalier 
Index calculation based on groundwater samples may aid in this consideration) 

~ (6) need for pretreatment or O&M for biofouling considered 

xv . AIR STRIPPING TREATMENT PROCESS 

~ (1) Packed Tower: 

~ a) type, size, and surface area of packing 

~ b) calculations, criteria, design parameters 

10/18/95 
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REMEDIAL ACTION PLAN CHECKLIST Page 8 

air flow rate; blower hp 

air/water ratio; pressure drop across packing 

NA c) pressure gauge to indicate effects of fouling over time 

NA d) mist eliminator 

NA e) observation port 

NA f) O&M considerations (fouling potential) 

~ (2) Diffused Aerator (tank type): 

a) calculations, parameters (tank volume; contact time, air flowrate, pressure drop, contaminant removal efficiency) and design 
assumptions 

~ (3) Low Profile Air Stripper 

NA a) Number of trays; water flow rate; air flow rate; air/water ratio; pressure drop; blower horsepower; mist eliminator; 

~ (4) General: 

~ a) maximum ambient air impact calculations; emissions stack height 

~ b) equipment description if emissions treatment necessary 

~ c) automated recovery well shutdown when blower failure occurs 

~ d) daily analysis screening with portable GC, or other appropriate measures, during system startup .until system consistently. meets 
discharge criteria 

XVI. LIQUID-PHASED CARBON ADSORPTION 

~ (1) indication whether adsorption is for primary treatment of groundwater or polishing of effluent 

~ (2) carbon specifications 

~ (3) carbon unit(s) sizing calculations (carbon usage rate, contact time, pressure losses) /design assumptions 

~ (4) isotherm data from pilot study needed if carbon adsorption used as primary treatment and total VOA concentrations are appreciable 
(VOA > 100 ppb typically) in order to estimate carbon capacity required and sampling frequency 

~ (5) TOC in groundwater determined and effect on carbon usage considerations 

~ (6) need for sand filter or cartridge unit considered prior to carbon unit 

~ (7) pressure gauge and pressure relief valve provided on carbon (and sand) filter 

~ (8) carbon disposal and replacement method 

~ (9) series configuration of carbon units considered to allow for maximum carbon utjlization and prevention of contaminant breakthrough 
to system effluent 

~ (10) automated recovery well shutdown if primary carbon unit pressure too high 

~ (11) schedule for sampling between and after carbon adsorption units 

XVII. IN SITU AIR SPARGING OF GROUNDWATER 

~ (1) Prerequisites: 

4-2 a) No or little free product which could spread via sparge turbulence, or prolong sparging 

NA b) Volatile (C3-C10) petroleum fractions with Henry's Constant> = .00001 atm.m3 /mole (approx. rule of thumb, unless biosparging 
is proposed) 
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REMEDIAL ACTION PLAN CHECKLIST Page 9 

c) no high concentrations of metals Oron, magnesium) to form oxides which plug aquifer or well screens, or high concentrations of 
dissolved calcium, which could react with CO2 in air to clog aquifer w/calcium carbonate 

(Notes: Langelier Index calculation regarding equilibrium between calcium carbonate and dissolved CO2 may be helpful. Generally, 
precipitation of dissolved iron is less likely when water is acidic, approx. of pH less than 6.) 

(2) Pilot study results 

~ (3 stage pilot study recommended prior to RAP design): vapor extraction only; sparging'only; combined extraction and sparging 

NA 

NA 

NA 

NA 

~ 

NA 

NA 

NA 

A pilot study is generally necessary, unless plume size is relatively small and aquifer characteristics favorable 

a) pilot test components designed and located for cost-effective subsequent integration into full-scale design 

b) diagram of pilot layout indicating locations of air injection well, vapor extraction well, and radial distance of monitoring wells from 
the air injection well 

c) air flow rates for each stage: vapor extract, cfm; sparging, cfm; combined cfm 

d) radius of influence for each stage: vapor extract, It; sparging, It; combined It 

e) groundwater mounding observed during each stage: vap extract, inches; sparging, inches; combined, inches 

f) measurement of parameters which are pertinent to full-scale design at various radial distances from the air injection well (for example: 
vacuum readings, pressure readings, water elevations, dissolved oxygen, pH, and conductivity) 

g) measurement of vapor extraction system offgas contaminant concentrations for the purpose of selecting and sizing cost-effective 
offgas treatment for full-scale system 

h) determination of soil's permeability. (should be greater than 10'9 sq cm for sparging to be feasible) 

~ i) need for groundwater recovery for plume control evaluated. 

3-3-3 

Fig 4-6 

4-1-2 

Table 4-1 

Table 4-1 

4-1 

App-D III 

4-2 

4-4 

App-D III 

App-DIII 

Fig 4-5 

Fig 4-5 

(3) Full-scale design 

a) groundwater contamination plume coverage: 

1) location(s) and radius of influence for full-scale air injection well (s); Adequate coverage by overlapping radii of influence if multiple 
well system 

b) air injection well(s): no. of wells; well design; operating air press at wellheads; cfm each well; total cfm _____ _ 

c) avoidance of long screen allowing air to diffuse at top portion only, where air flow resistance is least (typ screen is 1 to 3 It Ig) 

d) well depth and screened interval (or depth of sparge tip) appropriate wi respect to depth of contamination _____ _ 

e) vapor extraction well(s) in conjunction w/sparging situated properly to recover volatiles and prevent their release to atmosphere: 

1) injection cfm of air typically 20 to 80 % of vapor extraction cfm. (0.2 to 0.8) 

2) automatic shutdown of air injection upon loss or low vapor extraction system vacuum, or failure of vacuum pump motor, in order 
to prevent air emissions 

3) adequate and cost-effective treatment of vapor extraction system offgas proposed to prevent air emissions 

f) compressor: 

design: clm @ psig; operating clm @ psig 
compressor: type; mlgr; model; motor hp; rpm; performance curves; 
air filter at compressor inlet; oil trap or oil-free compressor to avoid introducing more contamination to aquifer 

g) safety: pressure relief valve at discharge of compressor and/or high pressure switch for automatic shutdown 

h) instrumentation and gauges: pressure indicating gauges at each sparging well 

i) air flow control: shutoff/throttling valve at each well; other flow' control device or method 
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REMEDIAL ACTION PLAN CHECKLIST Page 10 

~ j) cost-effectiveness evaluation of proposed full-scale design includes cost of pilot study 

XVIII. IN SITU/ENHANCED BIORECLAMATION 

~ (1) groundwater parameters evaluation (pH, DO, TDS, N, P, Temp, TOC, and A1k, etc.) 

~ (2) monitoring program discussion. TOC to be. monitored 

~ (3) additional oxygen source provision 

~ (4) oxygen and nutrients method of application and application rate to contaminated area evaluated 

~ (5) suitable soils present (non-clayey, good transport, low adsorption properties) 

~ (6) bench scale and/or in situ pilot study proposal 

XIX. LEAD REMOVAL 

~ (1) discussion of area(s) where groundwater lead concentrations exceeds 15 ppb 

~ (2) lead concentrations; unfiltered Lppb); filtered Lppb); background Lppb); 

~ (3) proposal for lead removal by filtration if unfiltered sample is greater than ~5 ppb and filtered sample is less than 15 ppb 

~ (4) method of lead removal, including pertinent design calculations 

XX. INFILTRATION GALLERY 

~ (1) field percolation test (preferably with double ring infiltrometer) provided if gallery base is located in the vadose zone 

~ (2) infiltration gallery construction details and location (upgradient location if site layout allows) 

~ (3) gallery calculations/assumptions with mounding analysis 

~ (4) piezometer and cleanout pipe in gallery 

~ (5) geotextile filter fabric to be installed around the above gallery 

~ (6) discussion or modeling of gallery's effect on plume migration 

XXI. INJECTION WELL 

~ (1) discussion of injection zone and relevant lithology information 

~ (2) injection well location and proposed construction details 

~ (3) screening interval appropriate 

~ (4) effluent discharge pump description, pump characteristic curve, and design flow rate ~gpm at __ ft TDH) 

~ (5) carbon polishing unit (or equivalent) 

~ (6) air release valve at highest point of effluent discharge piping 

~ (7) injection rate (well hydraulics) calculations 

~ (8) Underground Injection Control (UIC) permit conditions met 

~ (9) evaluation of injection well's effect on potable wells and plume migration 

XXII. ALTERNATE DISPOSAL METHODS 

~ (1) cost-effectiveness comparison of alternatives (including general permit fee of $2,500 per year in the cost estimate for NPDES disposal, 
if it is one of the alternatives being compared) 

~ (2) for surface water discharge: 

10118/95 
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, REMEDIAL ACTION PLAN CHECKLIST Page 11 

NA a) conditions for NPDES general permit met 

NA b) indication that notice of intent for NPDES permit will be submitted after RAP approval 

~ (3) if applicable, consumptive use permit obtained from water management district 

~ (4) approval from municipality for sewer discharge, and conditions and effluent standards to be met 

~ (5) applicable permits for stormwater discharge 

XXIII. SAMPLING REQUIREMENTS 

~ (1) designated monitoring wells and their sampling frequency: 

upgradient _____ , downgradient highest concentration, _____ _ 

~ (2) weekly sampling of influent from recovery well(s) and effluent at treatment system for first month, monthly sampling for first year 

~ (3) filing of annual status reports acknowledgement 

~ (4) water table contours and depth and extent of free product to be determined at monthly or quarterly sampling event 

~ (5) sampling program includes appropriate contaminants/procedures as specified in 62-770,600 

~ (6) periodic maintenance and site inspection limited to twice a month for first quarter, monthly thereafter, or justification for alternative 
frequency provided 

10/18/95 
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FOREWORD 

Subtitle I of the Hazardous and Solid Waste Amendments of 1984 to the Solid Waste 
Disposal Act of 1965 established a national regulatory program for managing 
underground storage tanks (USTs) containing hazardous materials, especially 
petroleum products. Hazardous wastes stored in USTs were already regulated under 
the Resource Conservation and Recovery Act of 1976. Subtitle I requires that the 
u.S. Environmental Protection Agency (USEPA) promulgate UST regulations. The 
program was designed to be administered by individual states, who were allowed 
to develop more stringent, but not less stringent standards. Local governments 
were permitted to establish regulatory programs and standards that are more 
stringent, but not less stringent than either State or Federal regulations. The 
USEPA UST regulations are found in the Code of Federal Regulations, Title 40, 
Part 280 (40 Code of Federal Regulations [CFR] 280) (Technical Standards and 
Corrective Action Requirements for Owners and Operators of Underground Storage 
Tanks) and 40 CFR 281 (Approval of State Underground Storage Tank Programs). 40 
CFR 280 was revised and published on September 23, 1988, and became effective 
December 22, 1988. 

The Navy's UST program policy is to comply with all Federal, State, and local 
regulations pertaining to USTs. This report was prepared to satisfy the 
requirements of Chapter 62-770, Florida Administrative Code (State Underground 
Petroleum Environmental Response) regulations on petroleum contamination in 
Florida's environment as a result of spills or leaking tanks or pipes. 

Questions regarding this report should be addressed to the Commanding Officer, 
Coastal Systems Station, Panama City, Florida, or to Southern Division, Naval 
Facilities Engineering Command, Code 1843, at 803-820-5596 (AUTOVON 563-0307) . 

CSSPC325.RAP 
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EXECUTIVE SUMMARY 

A Contamination Assessment Report (CAR) for Facility 325 at Coastal Systems 
Station~ Panama City, Florida, was submitted by ABB Environmental Services, Inc. 
(ABB-ES), in January 1996 to Southern Division, Naval Facilities Engineering 
Command (SOUTHNAVFACENGCOM). 

The CAR has concluded the following: 

G~~~~dw1ifer, cOIltflIDiriafiori'·-at~',:the.'.site-' app'ears . to"he-"related t'o 
l;".e~ieas·es· ~f!:()"m-:-the .:- f onIler~ti.nde:t g~6und' ··-;-sto~age , . .:ta~Ks-;:- ·.·(US T sT -::-a~d " 
~~~~i:§;F-eg~pipe-I:iiies,.--.The'se-sources ·have "be.en_remoyed.a:?_.p~ll_of-an-

finitial re~eaJal .. ac.tion- nRA)" getween July and August 1995,." 
,-~::::.?'" _~~-,~~,--:--~~--~==-;:_.o ,. ~~,_. :-=---,----~- -.---~.- -------~--------~---

Free,.product -atcthe site is C likely associateawith one or morg .' ~~ -'-' - -... ' '-'- . . .' ' ' ... ---_.- - ... -
prevFous' rel.eases .frpm" the" lIST ··system. ~.c Very"'-rnfle of the- free 

__ - .. __ ~. __ .. _ _ .•..• _.'. 1 

product released at the site was recovered during the UST system 
removal and subsequent IRA. The free product observed in monitoring 
well MW-26 on December 22, 1996, is probably part of an isolated 
pocket in the vadose zone that periodically migrates with water 
table fluctuations. A monitoring well inspection conducted9n 

~~, ~. _. -. .. ... .-' ,. 7 
April 27, 1996, reported presenc-e9.!--£fee product in monitoringr 

(""we~rr~:=~:8-, l1W:..g, MW-J5, .MW~23, and MW-26. r-'--·-- ---
'---~ '- '. -.:. ----- -- --~---

ExcessIve\ycontaminat,ed soil at the site·will require remediation 
to meet'clean soil standards as outlined in Chapter 62-770, Florida 
Administrative Code (FAC). 

After approval of the CAR by the Florida Department of Environmental Protection 
in February 1996, ABB-ES was authorized by SOUTHNAVFACENGCOM to develop a 
remedial action plan (RAP) under contract task order No. 011 of the Comprehen
sive Long-term Environmental Action, Navy contract. This RAP has been developed 
to the describe site cleanup. Components of this RAP are as follows: 

fvac~~'erili~~cC~d-··extractton:-:of:'.free .. product ,j and limited 
"o·f--groundwater·,·treatmerit;:~of=":mTxeod: fluids at the 
collection and treatment system; 

extraction 
oily-waste 

:;~~~~ enhan~ed .ext!.a.ction-_of '~oil vapor, land treatment of soil 
. - - ---------~ .. ~,.... - ~~~ ---..-~----

vapor; 

installation of necessary piping for a future potential aquifer air 
sparging system; and 

____ - ?~-_7_---.--:-- __ .......... _. ____ - -

rgroundwater mon~tor~n~. 
._"" ________ ~-__ '" r 

> 
) 

These systems will be operated until the kerosene and mixed products analytical 
group constituents in both the groundwater and the soil reach the required target 
concentrations or until further remedial activities are not effective. It is 
estimated that the operation period will pe about 3 years. 

CSSPC325.RAP 
PMW.05.96 -ii-
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1.0 INTRODUCTION 

A Contamination Assessment Report (CAR) for Facility 325 at Coastal Systems 
Station (CSS), Panama City, Florida, was submitted by ABB Environmental Services, 
Inc. (ABB-ES), in January 1996 to Southern Division, Naval Facilities 
Engineering Command (SOUTHNAVFACENGCOM). After approval of the CAR by the 
Florida Department of Environmental Protection (FDEP), ABB-ES was authorized by 
SOUTHNAVFACENGCOM to develop a remedial action plan (RAP). This work is being 
performed under contract task order No. 011 of the Comprehensive Long-term 
Environmental Action, Navy contract. 

1.1 PURPOSE. The purpose of the RAP is to present a plan for remediation of 
petroleum contamination at Facility 325. The RAP presented herein is designed 
for implementation at Facility 325 and, when implemented, will result in 
compliance with the requirements of Chapters 62-770 and 62-775, Florida 
Administrative Code (FAC) (FDEP, 1994). 

1.2 SCOPE. This RAP presents the rationale for the remedial actions to be 
implemented at Facility 325. Implementation of remedial actions described in 
this RAP will include the following tasks: 

CSSPC325.RAP 
PMW.05.96 

vacuum enhanced extraction of free product, and limited extraction of 
groundwater, treatment of mixed fluids at the oily-waste collection and 
treatment system; 

vacuum enhanced extraction of soil vapor, and treatment of soil vapor; 

installation of necessary pipes for a future potential aquifer air 
sparging system; and 

groundwater monitoring . 
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2.0 BACKGROUND 

2.1 SITE DESCRIPTION. The CSS Panama City is a Navy research and development 
facility located on St. Andrew Bay in Bay County, Florida (see Figure 2-1). It 
is situated approximately 103 miles east of Pensacola, 98 miles west of 
Tallahassee, and 7 miles west of Panama City. The CSS Panama City is bounded by 
u.S. Highway 98 to the north, St. Andrew Bay to the east, State Route 392B 
(Magnolia Beach Road) to the south, and State Route 392 (Thomas Drive) to the 
west. 

The CSS Panama City consists of two operational areas that encompass 657 acres. 
The laboratory area, situated north of Alligator Bayou (an inlet to St. Andrew 
Bay), covers approximately 350 acres and houses research facilities and various 
support activities and tenants. The ordnance area, south of Alligator Bayou, is 
approximately 300 acres and is used primarily for ordnance storage and limited 
research. Facility 325 is located in the laboratory area. 

F~3Z5w.is~ ilie?~::IQ'§atI§'!l~Q.f'~j:Yl.r~e~,=-2~([,-OQ9_:g-al Jon" uI'!c!ergrouud- s tor age tanks ? 
(:USTS:)==c-ontai!;l.j,ng~J~t;;Pe~oIeum ~ 5 '(lii5~r-'J~et-":'f~eI~anQ.. 6rt-e--:S.:.3'OO:~"garh)n _ -UST--~ J ~ 
con-t-a-intng-wast-e-=----J'P-::-5-(Figure 2-1). The 20,000- gallon USTs were made~T f~ber-
glass and were installed in 1976 and became operational in 1983. The 300-gallon 
UST was made of iron and was installed in 1984. 

2.2 SITE HISTORY. As part of the Navy Release Detection program, four 
compliance monitoring wells were installed around the 20, OOO-gallon USTs in 1989. 
During the installation of the monitoring wells, petroleum-contaminated soil was 
detected. 

ABB-ES initiated a contamination assessment at the site in September 1992. As 
part of the contamination assessment (CA) , 10 soil borings and three monitoring 
wells were installed. ABB-ES sampled all site monitoring wells in October 1992. 
Detected concentrations of benzene and total naphthalenes in several groundwater 
samples slightly exceeded the State target levels. After reviewing the 
analytical data with the FDEP, a decision was made to resample all monitoring 
wells at the site. The wells were resampled in March 1993. Contaminant 
concentrations in one of the monitoring wells sampled suggested that a recent 
release or leak had occurred; therefore, ABB-ES recommended that the CSS Activity 
conquct _~_ ttghtness testing on the 20,000-gallon USTs and associated pipelines. 
EAc.tivity-personnel_disc::o"\7~redl. 25 feet of free-product- in ,the same monitoring 
well-in July 1993;: SeveraCtig;titne'ss-te~fts were- coriducted from May through July 
1993_,~-ind a leak was discovere"d'inth-e-uudergrounapfperines 'asso-cL:ited with UST .....- _. --- --- ~ - ~ - --
'#,2, the middle UST. In Augul?t ,1,~93 ,-~pproximately 9 inches of free product w.s:s--
rep6rted -in a. differeint monitorihg<WeH=--(MW:~.)=: '--Atecniiic'aT- memorandUm 
presenting the findings'o:f the' CA'up-io -March 1994' is attached in Appendix A. 

ABB-ES mobilized to the site in July 1994 to install free-product recovery wells. 
Fourteen soil borings were advanced at the site to locate the area of greatest 
free-product thickness. One recovery well was installed on the north side of the 
tank pad, and two recovery wells were installed along the east side of the tank 
pad. After the installation of the recovery wells, only one well contained 
measurable free product (0.01 foot). 
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The Activity spent the next several months conducting a cost and benefit analysis 
comparing several possible courses of action at the site. The two main options 
evaluated were (1) removing the USTs and associated pipelines or (2) locating and 
repairing the fuel leak. The Activity made a decision to remove the USTs and 
pipelines and install a new system as part of an initial remedial action (IRA). 
SOUTHNAVFACENGCOM decided to use the remedial action contract contractor, Bechtel 
Environmental, Inc. (BEl), to remove the USTs and free product from the site and 
requested that ABB-ES provide oversight of BEl during free-product removal. ABB
ES's responsibilities were later revised to include UST, pipeline, and soil 
removal oversight. 

ABB-ES, BEl, and BEl's subcontractor, Fl~!:~c!a_Petroleum __ Services ,_mobilized to 
the site to perform the IRA. (Tlie-USTS-~nd associate~Rip-~line_~_ W"§I_~_ l:'_emoved in 
July-an-aAugust 199Y.---During the-ex-cavation,-:-8j-s~il- samples were collected from--
the~backhoe--bucke~--ahd- screened --with an organic vapor analyzer (OVA). 
Excessively contaminated soil (>50 parts per million [ppm] total headspace 
reading of OVA) in the area of the USTs and along the pipelines was reIn_q"edand 
replaced with clean fill material (Figure_ 2-2). .,.:lntota:L -approximately 490 

-- --, ------ . - .- - - ~ - .~ .. c: - - [:-~-- ~ -- -
cubic yards of excessively contaminated_soil were renf6vearroln the site~' --NCft all 

-_)ex-ce:ss:-ively contarnin~~~~~9i1 __ \·LgJL!"'~.illoved_Jr()II1th~~i:t~~-=()E-Jy the amount'r-equired 
\ _______ t9_ remove the tanks arid pipes. The IRA scope of work also calle-d-fo-r-the removal 

offree-product-;-now-eve-r-;-6nly a slight sheen of free product was observed in the 
excavation. An attempt was made to remove the free product by vacuuming the 
groundwater surface for approximately 3 hours. The amount of free product 
removed was not measurable. A summary report of IRA activities is included in 
Appendix B . 

Following removal of the USTs, ABB-ES returned to the site to complete the CA. 
Twenty-three soil borings were advanced, and 18 monitoring wells were installed 
to assess the horizontal and vertical extent of soil and groundwater contamina
tion. 

2.3 SUMMARY OF CONTAMINATION ASSESSMENT REPORT. Based on the findings of the 
CA field investigations and laboratory analytical results, the following is a 
summary of existing conditions at the site: 

CSSPC32S.RAP 
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The primary water-bearing zone of concern at the site is the surficial 
aquifer. The surficial aquifer in the Panama City area is unconfined 
and classified as a G-lI groundwater source. 

The surficial aquifer was penetrated to a depth of 30 feet below land 
surface (bls) during the CA. Subsurface material is generally composed 
of fine- to medium-grained quartz sand, light brown to gray, well
sorted, with small amounts of clay (10 percent). 

The water table at the site was encountered at depths ranging from 5 to 
-( fee t b 1 s .~ - , -- - - - . 

The direction of groundwater flow in the surficial aquifer is to the 
east. Figure 2-3 presents the water table elevation contours for water 
level measurements obtained on October 16, 1995 . 
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Excessively contaminated soil(>SO ppm OVA headspace reading) was 
detected in the vicinity of the three former 20,000-gallon USTs, along 
the pipelines extending to the pump station and helipad and in the 
vicinity of the former 300-gallon waste JP-S UST on the southwest si~_ 
of the _p-ump-_manifs>ld. /Much-:-~-of=rlie""-,-:exc~~~~v_epy----contaminate-d-s~L-is--
~ . '~.- ' .. _- --" - -- -"'-'- .------

c;~red -by, asphalt or copcrete, / J ---

Total volatile organic aromatics (VOA) (sum of benzene, ethylbenzene, 
toluene, and xylenes), methyl tert-butyl ether (MTBE), polynuclear 
aromatic hydrocarbons (PAH) , total recoverable petroleum hydrocarbons 
(TRPH), lead, and several chlorinated compounds were detected in 
groundwater samples. Total VOA, total PAH (excluding naphthalenes), 
total naphthalenes, TRPH, MTBE, and lead concentrations were compared 
to Chapter 62 - 770, FAC, target levels for Class G- II groundwater. 
Because Class G- II groundwater target levels are not available for 
chlorinated compounds, these contaminants were compared to State 
gr_oJ.lndwater guidance concentrations (FDEP ,_:L~ne 1994). '-'Only-PAH-7 

./ ~~--- - ---------_. --- -------_ .. -- -~ ~ 
/(exG...luding napnthalenes) in six of the perimeter monitoring wells -'. 
exceed~d the Chapter 62 - 770, FAC ,targetlevelTfor-'-a monito-ring only-J. ----------------, - -- .---------- -- - . 
plan. 

-----~--- - -----------
-.: Free producc--was"en'cQ1.intere-d onry-rn--monitoring well MVF26--and measured' 

0.90 foot in: thickness::-- -------- ---~----

The-apparent-sou-rces --of---contamrnafion-tnree --to-,-O-O-O--:gallon USTs, one 
/'300- gallon UST ,'and allassociatea pipelines-h;3.ve been removed from'the--, 
si~, ___ _ 

No potable water sources were identified within a 0.2S-mile radius of 
the site. There appears to be no risk of contamination of the CSS 
Panama City public water supply system from activities at the site. 

2.4 CONCLUSIONS. Based on the findings of the CA and site conditions, the 
following can be concluded: 

CSSPC325.RAP 
PMW.05.96 

Groundwater contamination at the site appears to be related to releases 
from the former-UST:-s-and-associ-ated' ·pip-eTines-;-----T:hese-sources-have beeq 
removed;~therefore, . groundwater contaminant' c'oncentrations can be 
'exp~c te<;t.to_decrease oyer __ time_by_natu.-ra-l-attenuation-; r---.. __ _ 

( 

- - . , ------- ~ 

Free product at the site is likely associated with one or more previous 
releases from the UST system. Very little of the free product released 
at the site was recovered during the UST system removal and subsequent 
IRA. -:The--f-:r:e e-pl:o duct-ooservecil n mOrll.tor-i ~g --;e rt-m;r =-n----on-De c ernD e r; 
22,,-19.9.6-:-,-:::c:.i:s probably -part of an isolatedc:-pocket-tn=the=.vadose=---zod 
that-p~_r_i_o_dical:1Tmigrates :w.ith water table fluctuat:i.ons. A monitor-\. 
'iIliW~ll inspection conducted on April 27, 1996, reported presence of __ 
free product in--mon-itoring wellS MW-8;MW-.9,-MW-=-lS_, -MW-2.3.,_~n:t _MW-2~/ 

Excessively contaminated soil at the site will require remediation to 
meet clean soil standards as outlined in Chapter 62-770, FAC. 
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2.5 RECOMMENDATIONS. Because contamination in the groundwater and soil at 
Facility 325 exceeds the State's target levels for Class G-II groundwater and 
soil contaminated by kerosene group constituents (Chapter 62-770, FAC) , it was 
recommended in the CAR that an RAP be prepared as a follow-up report to address 
cleanup of the contamination . 

CSSPC325.RAP 
PMW.05.96 2-7 
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3.0 REMEDIAL ALTERNATIVES 

3.1 CONTAMINANTS OF CONCERN. Contamination at the site is the result of the 
spill of JP-5 jet fuel. Therefore, the Chapter 62-770, FAC, kerosene analytical 
group of contaminants is the basis for the remedial design. These parameters are 

VOAs (U.S. Environmental Protection Agency [USEPA] Methods 601 and 602, 
including methyl tert-butyl ether); 

PAH (USEPA Method 610); 

TRPH (USEPA Method 418.1); 

ethylene dibromide (USEPA Method 504.1); and 

dissolved lead (USEPA Method 239.2). 

3.2 APPLICABLE CLEANUP STANDARDS. Standards and regulations regarding required 
remedial goals for soil and groundwater are contained in Chapter 62-770, FAC, and 
should be applied following treatment by any method. The table below presents 
the remedial goals for soil and groundwater at Facility 325. 

Parameter 

OVA reading for excessively contaminated soil 

Total Volatile Organic Aromatics ryOA) 

Benzene 

1,2-Dibromomethane (EDB) 

PAHs excluding Naphthalenes 

Total Naphthalenes 

Lead 

Methyl Tert-Butyl Ether (MTBE) 

Total Recoverable Petroleum Hydrocarbons 

Notes: OVA = organic vapor analyzer. 
ppm = parts per million. 

, Target Concentration 

Soil Groundwater 

50 ppm 

pg/l = micrograms per liter. 
mg/l = milligrams per liter. 

50 pg/l 

1 pg/l 

0.02 pg/l 

10pg/l 

100 pg/l 

50 pg/ 1 

50 pg/l 

5 mg/l 

3.3 EXTENT OF CONTAMINATION. Areas of contamination at CSS Panama City, 
Facility 325 include the free product consisting of degraded JP-5 jet fuel, soil 
contaminated with kerosene analytical group petroleum hydrocarbons, and 
groundwater contaminated with total VOA, PAHs including total naphthalenes and 
TRPH. The paragraphs below present a description on the extent of contamination 
in each of the areas. 

3.3.1 Free-Product Assessment Fre-e- prodllc't:W~rs-encountered--only-in-monitoring~ 
_we']:1'-MW-'26--ana-rneasured-0-;-90'fo~t in thickness on December 22, 1995. This was> 
thefirsttime-'meas'urable free product: had been observed in any 'site monitoring 
or recovery w~lL ___ Tlie aeptlCfO.groundwat-er-in-MW'--26-onDecemoer 22-,-'1995--,u'was'-
il-:-42-feeF''f?1s". indicating A:.l1ower water~tableele:vation-than last measured on' 
Octobei'16~ 1995. Free product may have accumulated in MW-26 as the water table 

CSSPC325.RAP 
PMW,05.96 3-1 



fluctuated through petroleum-saturated soil. No source of petroleum other than • 
the formeLJ,P_-:.5_pip,el~~~swas ider:tified i~ the vicinity of monitoring wel~_MW- , 
26. Thefree~prQ.duct was' removed,fromMW'-26-by a vacuum truck on December 22, '! 

19§5:-~lAPproximately--r46=-gal,:l'ons-o~g-roundwater:.:.:and_L7_gal1.()J;l};:-,:",of::.:.:freE;_prs>..<!ll(~t 
were remoy:e,d. __ Af,ter_va~_u)J,IIIing_for_9_0 __ minute1?, less than O. 01_ foot of free 
product remained in MW-26. The free product was emptied -into- the -oil-water 
separator on the northwest side of the si_te_.~A-monitoring-we-1l-inspec-t=-ion-~ 

___ conducted -on -Apri12-r:-T9-9"6, reported presence~free-,-p,r-oduc_t; __ Jn ,monitoring / 
,_3ells MW-8,MW-9, Mw'-15, MW-=-2~3~-andMW-26r-FIgure 3-1 presents the-Ciis-fribution 

or'fr_ee=-product-oase-d--on __ the_th-ickness- measurements made on April 27, 1996 . 
.--------: ------- ----------,Estimated volume of-fr~_e_pr,o_d}lct, __ based on calculations included in Appendix A, 

Cis 'aDO-lit-Sea gallons.! ------- ---- --

3.3.2 Soil Contamination Assessment A summary of the soil sample OVA analyses 
is presented in Table 3-1. (Note: Confirmatory soil samples collected during the 
IRA are not included in Table 3-1.) Soil containing constituents of the kerosene 
analytical group with OVA headspace readings exceeding 50 ppm are defined as 
"excessively' contaminated" and must be remediated, except under extenuating 
circumstances. 

Excessively contaminated soil was detected in the vicinity of the three former 
20,000-gallon USTs, along the pipelines extending to the pump and helipad, and 
in the vicinity of the former 300-gallon waste JP-5 UST on the southwest side of 
the pump manifold (Figure 2-2). The total area of excessively contaminated soil 
is outlined by the 50 ppm isoconcentration line and is included on Figure 3-1 
(Note: OVA readings of IRA confirmatory soil samples collected above and below 
the 300-gallon waste JP-5 UST were greater than 50 ppm. Therefore, this area is 
included within the 50 ppm isoconcentration line). OVA readings in all borings 
increased with depth. In most of the borings, the highest OVA reading occurred 
immediately above the water table. Much of the excessively contaminated soil is 
covered by asphalt or concrete. 

3.3.3 Groundwater Contamination Assessment Analytical laboratory results for 
the groundwater samples collected October 14, 1992, March 8, 1993, and October 
17 through October 19, 1995, are attached in Appendix A and summarized in Table 
3-2. VOA, MTBE, PAH (including naphthalenes), TRPH, lead, and several 
chlorinated compounds were detected in groundwater samples. For petroleum 
compounds regulated under Chapter 62-770, FAC, Class G-II groundwater target 
levels are used, where applicable. Florida no further action or monitoring only 
target levels for G-II groundwater and for no potable wells within 0.25 mile of 
the site have been established for benzene (50 parts per billion [ppb]), total 
VOA (50 ppb) , MTBE (50 ppm), total naphthalenes (100 ppb) , TRPH (5 ppm), and lead 
(50 ppb) (Florida Department of Environmental Regulation [FDER], October 1990). 
Total VOA isoconcentration contour for groundwater is included on Figure 3-2. 
Total naphthalene isoconcentration contours are presented on Figure 3-3. TRPH 
isoconcentration contours are presented in Figure 3 -4. Chlorinated compounds are 
compared to Chapter 62-770, FAC, recommended guidance concentrations of 700 ppb 
for l,l-dichloroethane and 75 ppb for 1,4-dichlorobenzene (FDEP, June 1994). 
Petroleum contaminant concentrations exceeding State regulatory levels are 
presented in Table 3-2. 
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Table 3-1 
Soil Sample Organic Vapor Analyzer (OVA) Analyses, 

Boring 
Designation 

SB1 

SB2 

SB3 

SB4 

SB5 

SB6 

SB7 

SB8 

SB9 

SB10 

SB11 

SB12 

SB13 

SB14 

SB15 

SB16 

SB17 

SB18 

See notes at end of table. 

CSSPC32S.RAP 
PMW.OS.96 

July 28, 1994, through September 30, 1995 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Florida 

Sample Depth 
OVA Headspace 

Concentration Comments 
(feet bls) 

(ppm) 

3 to 5 165 Petroleum odor. 
5 to 7 4,200 Petroleum odor, wet. 

3 to 5 200 Petroleum odor. 
5 to 7 3,100 Petroleum odor, wet. 

3 to 5 1,700 Petroleum odor. 
5 to 7 3,400 Petroleum odor, wet. 

3 to 5 0 No odor. 
5 to 7 110 Slight odor, wet. 

3 to 5 70 Petroleum odor. 
5 to 7 100 Petroleum odor. 

o to 2 0 Slight odor. 
2 to 4 120 Petroleum odor. 

3 to 5 0 No odor. 
5 to 7 2,400 Strong petroleum odor. 

3 to 5 0 No odor 
5 to 7 900 Petroleum odor 

3 to 5 1,700 Strong petroleum odor. 
5 to 7 NS Refusal at 5 feet. 

3 to 5 2 No odor. 
5 to 7 3 No odor, wet. 

3 to 5 1,200 Strong petroleum odor. 
5 to 7 >5,000 Strong petroleum odor, wet. 

3 0 No odor. 
4 0 Met refusal. 

3 to 5 850 Strong petroleum odor. 
Refusal at 5 feet. 

3 to 5 NM No odor. 

o to 2 0 No odor. 
2 to 4 1,300 Petroleum odor. 
4 to 6 2,700 Strong petroleum odor, wet. 

o to 2 0 No odor. 
2 to 4 0 No odor. 
4 to 6 0 No odor,wet. 

o to 2 0 No odor. 
2 to 4 0 No odor. 
4 to 6 0 No odor, wet. 

o to 2 0 No odor. 
2 to 4 6 No odor. 
4 to 6 0 No odor. 
6 to 8 1,000 No odor, wet. 
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Table 3-1 (Continued) 
Soil Sample Organic Vapor Analyzer (OVA) Analyses, 

Boring 
Designation 

SB19 

SB20 

SB21 

SB22 

SB23 

SB24 

SB25 

SB26 

SB27 

SB28 

SB29 

SB30 

See notes at end of table . 

CSSPC325.RAP 
PMW.OS.96 

July 28, 1994, through September 30, 1995 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Aorida 

Sample Depth 
OVA Headspace 
Concentration Comments 

(feet bls) (ppm) 

o to 2 0 No odor. 
2 to 4 0 no odor. 
4 to 6 3,500 Petroleum odor, wet. 

o to 2 898 No odor. 
2 to 4 260 No odor. 
4 to 6 >5,000 Strong petroleum odor. 
6 to 8 2,700 Strong petroleum odor, wet. 

o to 2 <1 No odor. 
2 to 4 <1 No odor. 
4 to 6 85 Petroleum odor. 
6 to 8 1,800 Petroleum odor, wet 

o to 2 0 No odor. 
2 to 4 0 No odor. 
4 to 6 0 No odor. 
6 to 8 35 Slight odor, wet. 

o to 2 1,000 Slight petroleum odor. 
2 to 4 1,200 Petroleum odor. 
4 to 6 3,400 Petroleum odor. 
6 to 8 3,300 Petroleum odor, wet. 

o to 2 0 No odor. 
2 to 4 0 No odor. 
4 to 6 0 No odor. 
6 to 8 6 No odor, wet. 

o to 2 0 No odor. 
2 to 4 270 Slight petroleum odor. 
4 to 6 2,500 Petroleum odor. 
6 to 8 2,900 Strong petroleum odor, wet. 

o to 2 0 No odor. 
2 to 4 0 No odor. 
4 to 6 5 No odor, wet. 

o to 2 400 No odor. 
2 to 4 1,300 No odor. 
4 to 6 4,200 Petroleum odor, wet. 
6 to 8 4,400 Petroleum odor, wet. 

o to 2 0 No odor. 
2 to 4 70 No odor. 
4 to 6 2,500 Strong petroleum odor, wet. 

o to 2 0 No odor. 
2 to 4 0 No odor. 
4 to 6 0 No odor, wet. 

o to 2 350 Slight petroleum odor. 
2 to 4 3,000 Strong petroleum odor. 
4 to 6 4,000 Strong petroleum odor, wet. 

3-5 



Table 3-1 (Continued) 
Soil Sample Organic Vapor Analyzer (OVA) Analyses, 

July 28, 1994, through September 30, 1995 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Florida 

Boring Sample Depth 
OVA Headspace 
Concentration Comments 

Designation (feet bls) 
(ppm) 

Notes: 

CSSPC325.RAP 
PMW.05.96 

SB31 

SB32 

SB33 

SB34 

SB35 

SB36 

SB37 

bls = below land surface. 
ppm = parts per million. 
NS = not sampled. 
> = greater than. 
NM = not measured. 
< = less than. 

o to 2 
2 to 4 
4 to 6 

o to 2 
2 to 4 
4 to 6 
6 to 8 

o to 2 
2 to 4 
4 to 6 
6 to 8 

o to 2 
2 to 4 
4 to 6 

o to 2 
2 to 4 
4 to 6 
6 to 8 

o to 2 
2 to 4 
4 to 6 
6 to 8 

o to 2 
2 to 4 
4 to 6 

240 Slight petroleum odor. 
2,100 Strong petroleum odor. 
4,500 Strong petroleum odor, wet. 

0 No odor. 
0 No odor. 
0 No odor. 
0 No odor, wet. 

0 No odor. 
0 No odor 

1,900 Petroleum odor. 
2,200 Strong petroleum odor, wet. 

0 No odor. 
11 No odor. 
0 No odor, wet. 

0 No odor. 
0 No odor. 
5 No odor. 
0 No odor, wet 

0 No odor. 
0 No odor. 
0 No odor. 

1,300 Petroleum odor, wet 

0 No odor. 
0 No odor. 

60 Petroleum odor, wet. 

-------
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Table 3-2 
Petroleum Contaminant Concentrations Exceeding State Regulatory Levels, for G-II 

Groundwater 
October 1992 through October 1995 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Florida 

Monitoring Well 
Year Contaminant 

Contaminant Applied 
Designation Concentration Standard' 

MW-1 1992 Total naphthalenes 108 100 

MW-2 1992 Total naphthalenes 123 100 

MW-4 1993 Total VOA 228 50 
Total naphthalenes 133,000 100 
TRPH 15,000 5 

MW-6 1993 Total VOA 70 50 
Total naphthalenes 185 100 

MW-8 1995 Total VOA 141 50 
Total naphthalenes 750 100 

MW-9 1995 Total VOA 51 50 
Total naphthalenes 221 100 
TRPH 6.1 5 

MW-10 1995 Total VOA 52 50 
Total naphthalenes 164 100 

MW-12 1995 TRPH 8.3 5 

MW-15 1995 Total VOA 61 50 
Total naphthalenes 208 100 

MW-21 1995 Total VOA 127 50 
Total naphthalenes 176 100 

MW-23 1995 Total VOA 151 50 
Total naphthalenes 614 100 

MW-26 1995 Total VOA 143 50 
Total naphthalenes 265 100 
TRPH 6.1 5 

, State target level for Class G-II groundwater and no potable wells within 0.25 mile (FDEP, May 1994). 

Notes: Concentrations are in parts per billion except TRPH, which is reported in parts per million. 

CSSPC325.RAP 
PMW.05.96 

Total VOA is the sum of benzene, toluene, ethylbenzene, and xylenes. 
Total naphthalenes is the sum of naphthalene, 1-methylnaphthalene, and 2-methylnaphthalene. 
VOA = volatile organic aromatics. 
TRPH = total recoverable petroleum hydrocarbons. 
FDEP = Florida Department of Environmental Protection . 

3-7 



'" I co 

. 
b , 

.. , 
. , 

• b 

J1Jlll 

llllll 

. :4 

• 

'b 

llllll 

b 

• 'fI,' 

b. ., 

llllll 

~ • b 

• "'(I, " 

b 

.. 
b 

o 25 50 

~.~-~_r1.-~_~~~~i 
SCALE: 1 INCH 50 FEET 

, . b· 

'. 

. , b 

FIGURE 3·2 

llllll 

'.0. .' b 

r acility 363 

Asphalt J1Jlll 

J1Jlll 

llllll 

J1Jlll J1Jlll 

Transformer MW-17 
box(\ 

llllll 

'vi ~., Concrete 

Area of 'l'""" pad n J1Jlll 

groundwater U 

J1Jlll 

contamination 
J1Jlll 

MW-14 
-$-

Area of soil 
contamination 

MW-24 
-$-

llllll 

GROUNDWATER TOTAL VOA AND SOIL OVA 
CONCENTRATION DISTRIBUTION MAP 

• 

llllll 

J1Jlll 

I" ','1 
1';::':>::':'" 

~~W-l 

_~W-9 

-10_ 

NOTES: 

LEGEND 

Gross 

Concrete 

Sand 

Monitoring well location 
and designation 

Monitoring/ recovery well 
location 

OVA isoconcentration line 
in parts per million (ppm) 

Tolal VOA isoconcentration 
line in paris per billion 
(ppb) 

VOA = volatile organic aromatic 
OVA = organic vapor analyzer 

REMEDIAL ACTION PLAN 
FACILITY 325 

COASTAL SYSTEMS STATION 
PANAMA CITY, FLORIDA 

• 



~o 

~~ on 
~'" CD", 

O>~ 
~ 

(J.) , 
to 

• 

, , 

Jlllll 

eo 4" 

, . 

" 

,,', 

. " , 

'. 
" 

.-" 

e. '"" 
i> 

" 

" 

. , ' ' 

," 
",'/10 •• 

, ' 

. be. 

'" 

, , . " 

Jlllll 

" 

,>''0 

,~il'~ 
<0"" 

Jlllll 

Mw-/1' 
llllli . " .. ' . Q 

. " ~. 

/, '.' . 
", 

" " 
" . 

Jlllll 

o 25 50 ..... _ i 

r: 

" ~ 

" ' 
.'" e:. '" 

'. b • 4. •• 

'4.0.' 

, , . 

, 

" 

"", 

" 

", 

SCALE: r INCH = 50 FEET 

• 
,,' ", 

'YAW-27 '. ' .. 
, ", 

'e." • 

" 

. : ~ 

" 

"'~' . , , 
Jlllll Asphalt 

" 

\ 

" 

'" 

'. ' . 
", • 

~~_1?,~: is,.~t, 

to/> 

.' , 
" ,," • to 

FIGURE 3-3 

' . 
, " 

", :', 

'. 

, ' 

," b 4r.. 

Facility 363 

-$-MW-28 

Jlllll 

Jlllll 

. ,,' ,,, 
, '. 

" . " ,,,-

Jlllll 

TOTAL NAPHTHALENES CONCENTRATIONS 
IN GROUNDWATER 
OCTOBER 1995 

Jlllll 

Jlllll 

lllill 

Jlllll 

MW-17 
(35)--<ib. Concrete 

V pa
dD.l11iu 

MW-14 
(IS)-$-

MW-24 
-$-

Jlllll 

• 
~ 
N 

~ 

LEGEND 
Jlllll Grass 

I, "':,,,'1 Concrete 

I':',' ::.:/,<1 Sand 

t1.,MW-14 
V (IS) 

~W-l0 
~164) 

- 100_ 

NOTES: 

Monitoring well location 
with total naphthalenes 
concentration in parts 
per billion (ppb) 

Monitoring! recovery well 
location with total 
naphthalenes concentration 
in ppb 

Total naphthalenes 
isoconcentration line in 
ppb 

No value for 0 monitoring well indicates 
that naphthalenes were not detected in 
the sam ole collected from that well. 

REMEDIAL ACTION PLAN 
FACILITY 325 

COASTAL SYSTEMS STATION 
PANAMA CITY, FLORIDA 



.' 

., 
• t> 

lllill 

t>. 

. . 
t. 4" 

" 

Jlllll 

, 
'" 

MW-22 
(1.2) 

Jlllll 

:A,'" : 

. 
t> 

t> 
.. .t . 

0 

.. 

, 

•• 'f> 

'. t> ., 

lllill 

25 ...... ; 
SCALE: 1 INCH 

• 

'. ~ 

"', ' 
. '" . 4,' ' 

lllill 

. ' 

. , 

= 

, . 

19 
~ 

" 

','r.. • 4 

., J> 
Oil-water- 4 

separator ... I ~ . 
~'. 
v. , . 

~. .' 

. , 

-$; M.W-21 
(1.7) . , 

, 
., 

t>, 

.' 

50 
i 
50 FEET 

. t> 

. 

" 

. , , 

" 

... ·4 

t> . 

.. 

.... 
. t> . 

" 

t> . • 

' ' 
to ',. 

FIGURE 3-4 

.'" . , 

'. 
t>. 

fl.' 4 . 

, .. 
",' . 

111>' " 

, 

t> .. 
Facility 363 

lllill Asphalt 

-$-MW-28 

" 

... 
',t> 

.. . 
.' t> .0. 

t> 

lllill 

lllill 

Transformer 
bOX

Q 

lllill 

lllill 

TOTAL RECOVERABLE PETROLEUM 
HYDROCARBONS (TRPH) IN GROUNDWATER 
OCTOBER 1995 

• 

lllill 

lllill 

lllill 

MW-17 

-$-~~~7f~ 

MW-14 
(1.5)-$-

MW-24 
(4.0)$-

lllill 

lllill 

1.···.:··1 
1::.:····.>'.:,1 

MW-14 
~(1.5) 

_~MW-l0 
~2.0) 

LEGEND 
Grass 

Concrete 

Sand 

Monitoring well location 
with TRPH concentration in 
paris per million (ppm) 

Monitoring/recovery well 
location with TRPH 
concentration in ppm 

-6 _ TRPH isoconcentration line 
in ppm 

NOTES: 
TRPH = total recoverable petroleum 

hydrocarbons 
No value for a monitoring well indicates 
that TRPH were not detected in 
the sample collected from that well. 

REMEDIAL ACTION PLAN 
FACILITY 325 

COASTAL SYSTEMS STATION 
PANAMA CITY, FLORIDA 

• 



• 

• 

• 

3.4 EXPOSURE PATHWAYS. The potential exposure pathways for the existing 
contaminants in groundwater are either via direct ingestion through an existing 
potable water supply well within the zone of contamination, or migration of 
contaminated water into St. Andrew Bay, which is class III surface water. These 
two pathways have very limited probability of existence due to the following 
reasons: 

There are no active potable wells within the zone (0.25 mile radius) of 
contamination. CSS Panama City's supply of potable water is obtained 
from the Panama City Municipal Water Supply. A potable well survey was 
conducted to show the proximity of potable water sources to contamina
tion associated with activities at Facility 325. There are four former 
public water supply wells located at CSS Panama City (PWS-l, PWS-2, 
PWS-3, and PWS-4). Figure 3-5 shows the locations of these wells. 
Three of the wells, PWS-2, PWS-3, and PWS-4, are located within a 0.25-
mile radius of the site. Only PWS-l is currently in use. Well PWS-l 
is used for heating and air conditioning purposes only and draws water 
from approximately 400 feet bls. The remaining production wells (PWS 
2, PWS 3, and PWS 4) are inactive. The four public water supply wells 
are screened in the Floridan aquifer system at depths ranging from 350 
to 400 feet bls. Well inventory data are presented in Table 3-3. 

Direct migration of contaminants to the adjacent St Andrew Bay is not 
established at this time. St. Andrew Bay is about 200-250 feet 
southeast of the location of perimeter wells at Facility 325. None of 
the perimeter wells have had any contaminants detected . 

3.5 SITE-SPECIFIC LIMITATIONS .TO ALTERNATIVES. Facility 325 is presently 
inactive; however, construction activities related to the truck stand and 
installation of underground fuel supply lines are anticipated to occur in the 
middle of the Fiscal Year 1997. A substantial portion of the soil contamination 
is located beneath a concrete pavement that serves as a roadway (see Figure 3-2). 
Problems due to excessive traffic or military activity do not exist at this time. 
Remedial construction or operation and maintenance activities would be acceptable 
in the area defined; however, subsurface features that may be in place before the 
system installation may restrict construction activities to some extent. Figure 
3-.6 presents the plan view of the proposed construction details. 

3.6 REMEDIAL STRATEGY. A remedial system chosen for Facility 325 should be 
designed to address the area of free product and the associated soil and 
groundwater contamination. Characteristics of the remedial system are as 
follows: 

90rftaIDi~~-~~_iated~~~~h th~_free_pro-dUCLi-~~~epor~~d ~~- confined :-- > 

~£9-c--o:smarl-c-:p()ek~,ts:~and:=w~ut<i:~12g-~~~alt .wi th through a monitoring and 
. ...--recoveryp-ro&ram--: " .'- ,,-----~ 
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.. 
/::ontautina-t::io?_ ~~~()~~a_ted wi~h the soil is confined between 2 ft b.ls ~.o 
l,6..,-ft-:J51s --:-(location-ofthe --water table) and has an estimatedvo1urne of 
·3_,_0.Q~_c::ubic_yar:ds~--'I'echnoIogies-selected-for-soil-~ 
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FIGURE 3·5 
LOCATION OF PUBLIC SUPPLY WELLS, 
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Well Identification 
Number/Local Number 

Building 394, PWS 1 

Building 281, PWS 2 

Building 10, PWS 3 

Building 101, PWS 4 

Note: bls = below land surface. 

CSSPC32S.RAP 
PMW.OS.96 

Table 3-3 
Public Water Supply Wells Data 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Florida 

Location 
Total Depth Casing Diameter 

(feet bls) (inches) 

Building 394 400 12 

Building 281 350 12 

Building 10 350 12 

Building 101 350 12 
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treatment should allow simultaneous implementation of free-product 
monitoring and recovery program. 

Contaminants associated with groundwater are confined within a water 
column of 19 feet thickness below the groundwatertapJe (.i. e., between 
~b_ls_and_2_5_f_t._bls.t... _9l:emical~~-:.of_coj1<:_§~)! ,_ in<:ludi!lg~otal VOA, 
jtotal naphthalenes ana::-~RPH " are-.antic.ipat.eAoc!"9 __ be:.naturaTl-y'-attenuat---. 
'ed-;---" - - .. -_. 

Effectiveness of any groundwater treatment technologies will be 
significantly dependent on potential continued existence of free 
product in the saturated zone. Hence, additional groundwater treat
ment, if required, will be proposed, but initiated after the free 
product is completely removed from the aquifer. 

3.7 DISCUSSION OF ALTERNATIVES. After defining the contaminants of concern, the 
applicable cleanup standards, extent of contamination, and exposure pathways, and 
developing a remedial strategy, it is necessary to identify and screen 
technologies that may be applicable to mitigating the contamination at the site. 
Because each site is unique and cleanup technologies applicable to sites 
contaminated with petroleum substances are continually being improved and 
developed, it is important to develop remedial action alternatives using the most 
effective technologies available. 

3.7.1 Free-Product Removal The CAR has identified that the free product was 
found for the first time at MW-26 on December 22, 1995. A free-product survey 
conducted on April 27, 1996, has reported continued existence of free product at 
MW-26, with a thickness of 0.52 foot. A free-product removal system may include 
either a passive, active, or a combination of passive and active means of 
removal, based on the amount of recoverable free product in the unsaturated and 
saturated zones of the aquifer. 

Passive mode of Free-Product Removal Passive mode involves technologies that 
rely on the existing hydraulic gradients of the free product and groundwater. 
Two technologies are considered for evaluation: (1) Free-product removal by 
periodic manual bailing and (2) the use of commercially available oil-absorbing 
hydrophobic socks inside the monitoring well with periodic extraction of free 
product from the socks. Efficiency of these technologies is dependent on the 
natural gradient of free product near the well and availability of recoverable 
free product within the zone of the screen interval of the monitoring well. 

Active Mode of Free-Product Removal Active mode involves technologies that would 
actively enhance the fluid recovery process by inducing low pressures within the 
extraction well at the oil-water interface and accelerate accumulation of free 
product within the extraction well during recovery. Two technologies are 
considered for the active mode of free product removal. The technologies 
evaluated include use of submersible skimmer pumps and the use of vacuum enhanced 
extraction. 

Submersible Skimmer Pumps. Submersible pumps create pressure differences by 
lowering the free-product levels within the extraction well. However, skimmer 
pumps cannot enhance the natural hydraulic gradient of free product. Hence, 
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efficiency of a skimmer pump is greatly dependent on the potential for continued 
migration of recoverable free product into the extraction well. 

Vacuum Enhanced Extraction (VEE). VEE involves removal of free product, soil 
vapor, and groundwater by applying a high vacuum (6 to 12 inches of mercury [Hg]) 
to the recovery well. An application of high vacuum to the well-head increases 
the hydraulic gradient of free product and groundwater. When the vacuum is 
applied in the well, liquids in the well and pore gasses in the soil will migrate 
towards the extraction well due to reduced pressure above the fluid interfaces. 

3.7.2 Soil Remediation Soil remediation may be accomplished via two approaches: 
These are ex situ and in situ alternatives; both approaches are described below. 

Ex situ Treatment Ex situ treatment alternatives involve soil excavation 
followed by a selected treatment alternative. Five types of ex situ treatment 
technologies that are applicable to this site are onsite incineration, thermal 
desorption, thermal aeration, offsite incineration, and offsite landfilling. 
Each of these technologies is briefly described in Table 3-4. 

Ex situ treatment technologies are best applicable in situations where the 
site is free of any existing structures, facilities, underground utilities, 
and the volume to be treated is relatively low. Even though Facility 325 
soils have a volume of 3,000 cubic yards, the use of ex situ technologies 
will not be feasible due to existing structural features, and the proposed 
installation of a new JP-5 fuel system. 

In situ Treatment Two types of in situ treatments that may be suitable to this 
site are soil vapor extraction (SVE) and biological degradation or intrinsic 
biodegradation. 

SVE systems may be used to remediate soil in the vadose zone or dewatered 
saturated zones. This technology generally consists of vacuuming gases from 
unsaturated soil through SVE wells with vacuum pumps. Negative pressure induced 
by the vacuum draws gases through the soil pore spaces. Air inlet wells combined 
with a surface cover may be used to facilitate the flow of atmospheric air into 
the soil to replace the extracted gases. Soil permeability and contaminant 
volatility are critical factors in the success of these systems. The extracted 
gases can be treated as necessary before discharge to the atmosphere. 
Implementation of an SVE system at Facility 325 is feasible because of the 
following factors: 

CSSPC325.RAP 
PMW.05.96 

Facility 325 has fine-to very fine-grained sand in the vadose zone. 
Intrinsic permeability is anticipated to range from 10-8 to 10-6 square 
centimeters (cmz). Intrinsic permeability estimates based on the 
hydraulic conductivity reported in the CAR ranges from 10-8 to 10-7 cmZ . 

Contaminants of concern are constituents of JP-5 that are classified as 
kerosene analytical group constituents of petroleum hydrocarbons, and 
a substantial portion of the constituents are relatively volatile and 
amenable to SVE (vapor pressure range: 10 200 Hg at 20 degrees 
celsius (DC); boiling point range: 180 300 DC; and Henry's Law 
Constant range: 20 - 300 atmospheres. 
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Table 3-4 
Ex Situ Soil Treatment Technologies 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Aorida 

General Response Action Soil Technology Description 

Soil removal and disposal Offsite landfill Soil or sediment not regulated by RCRA land disposal restrictions is 
excavated and hauled to a secure, existing landfill. 

Soil removal and treatment Onsite incineration Soil or sediment is excavated and treated by a mobile incinerator that 
thermally destroys' organics in a direct-fired treatment unit. 

Thermal aeration Soil or sediment is excavated and treated by a mobile unit that volatilizes 
organic contaminants from soil or sediment and destroys them in a 
secondary combustion chamber. 

Thermal desorption Soil or sediment is excavated and treated by a mobile unit that volatilizes 
organic contaminants from soil or sediment and condenses them into a 
liquid stream. 

Offsite incineration Soil or sediment is excavated and hauled to a licensed incinerator that 
thermally destroys organics in a direct-fired treatment unit. 

Note: RCRA = Resource Conservation and Recovery Act 
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Intrinsic biodegradation or biological degradation can be accomplished if 
sufficient oxygen and moisture levels occur below land surface. The greatest 
amount of microbial activity was reported to occur for soil oxygen content 
greater than (» 2 percent and groundwater dissolved oxygen> 2 milligrams per 
liter. Maintaining proper levels of oxygen requires that the soil is relatively 
permeable (with an intrinsic permeability greater than or equal to 10-8 cm2 ). 

Also, the moisture available for the transport of microorganisms should be in the 
range of 40 to 85 percent of field capacity for the biodegradation to be 
sustained (USEPA, 1995). If petroleum-degrading bacteria microorganisms are 
present (microbes capable of degrading petroleum products are present in almost 
all subsurface environments) in the vadose zone and proper conditions are met, 
aerobic or anaerobic degradation of the contaminant can occur. Oxygen levels in 
the vadose zone are sometimes controlled to maximize the degrading capacity of 
the microorganisms. 

3.7.3 Groundwater Remediation As described in Section 3.4, groundwater at 
Facili ty 325 does not present any threat to human health or environment. 
Concentrations of total VOA, TRPH and PAHs are anticipated to naturally attenuate 
over time. However, cost effective means to accelerate the cleanup of 
groundwater are evaluated in conjunction with natural attenuation. Groundwater 
remediation may be accomplished via ex situ treatment or in situ treatment. 

Ex situ Treatment This alternative would consist of collecting the contaminated 
groundwater, treating it to reduce contaminant mobility, toxicity, and volume, 
and disposing of the treated effluent. The groundwater would be collected 
through extraction wells. Treatment technologies considered include options that 
use CSS Panama City's oily-waste collection and treatment system, and those that 
require installing alternate treatment systems onsite. 

Groundwater Extraction If ex situ treatment of groundwater is selected, a 
groundwater extraction method must be proposed. Alternatives considered include 
extraction wells, vacuum enhanced extraction systems, and recovery trenches. 

Extraction wells consist of one or more wells from which groundwater can be 
pumped to the treatment system. Wells are designed based on the location of the. 
contamination, the aquifer hydraulic conductivity, the hydraulic gradient of the 
water table, and the depth to the water table. The depth, diameter, screen 
length, pumping rate and draw down for each well, as well as the number and 
location of wells are designed to produce the appropriate capture zone. This is 
a widely used and accepted groundwater recovery method. 

Combined vapor-fluid vacuum enhanced extraction systems consist of vacuum pumps 
that remove soil vapors and dewater the selected zone simultaneously. The 
systems typically are similar to well point dewatering systems with draw tubes 
within the vapor recovery well. If a saturated part of the aquifer is dewatered, 
air continues to flow through the pores allowing the remediation to continue. 
This is particularly an advantage in aquifers with low transmissivities. Because 
the depth of dewatering is controlled by the magnitude of the vacuum, the 
affected area is automatically maintained during variation of the water table. 
This method has a physical limitation on the depth from which water can be 
removed. Theoretically, a perfect vacuum can support a water column of about 34 
feet. In application this method can typically lift water from 18 to 20 feet 
below the elevation of the vacuum pump. This option would not incur any 
additional cost, if combined with the VEE option of free-product removal, and 
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groundwater is extracted in batch flow rather than continuous·extraction. Thus 
volumes of groundwater will be extracted along with the recovery of free product. 

Recovery trenches typically consist of perforated pipe laid in a trench, which 
is backfilled with a material that is more permeable than the surrounding soil. 
Groundwater flows by gravity into the pipe and to a sump where it is collected 
and pumped to the treatment system. Recovery trenches can be placed at the water 
from all directions, or downgradient and perpendicular to the flow direction to 
intercept the flow at sites with greater water table gradients. 

Groundwater Treatment Extracted groundwater may be treated at the oily-waste 
collection and treatment system located on base. This system consists of a 
collection tank, an oil-water separator, and a wastewater treatment plant. 

Several other treatment trains involving the following technologies may also be 
considered for treatment of groundwater: 

Ultraviolet/oxidation 
Air stripping 
Granular activated carbon (GAC) adsorption 
Biological treatment 

These technologies are capital intensive and require substantial operation and 
maintenance effort. Facility 325 does not warrant use of any of these 
technologies for groundwater because of the availability of the existing 
treatment system. 

Effluent Disposal If ex situ treatment of groundwater is selected, disposal of 
the treated effluent must be considered. The options considered include 
discharge to the CSS Panama City oily-waste collection' and treatment system, 
reinjection to the groundwater, and discharge to a surface water body. 

The CSS Panama City oily-waste collection and treatment system has sufficient 
capacity to accept the treated effluent. There would be virtually no additional 
disposal costs associated with this option. 

Installation of recharge galleries is not feasible at Facility 325. 
structures at the site would make it difficult to excavate trenches 
treated effluent through a recharge gallery. 

The existing 
and discharge 

Discharge to a surface water body would be easy to implement, but would require 
a National Pollution Discharge Elimination System permit. The permit monitoring 
requirements, which might include more frequent sampling and bioassays, would add 
significantly to the cost of this option. 

In si~u Treatment This alternative would consist of treating groundwater to 
reduce the mobility, toxicity, and/or volume of the contamination without 
removal. In situ treatment technologies being considered include natural 
attenuation, enhanced bioremediation, and aquifer air sparging. 

Natural Attenuation Natural attenuation consists of destructive and non
destructive attenuation of contaminants in groundwater. Components of non
destructive attenuation include volatilization, dispersion, dilution, and 
adsorption. Components of destructive attenuation include aerobic and anaerobic 
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biological degradation. Natural attenuation is appropriate if the following 
conditions are satisfied: 

Documented loss of contaminants of concern at the field scale. 

Evidence of biodegradation by means 
nutrient concentrations such as 
nitrogen. 

of geochemical indicators including 
oxygen, sulfur, phosphorous, and 

Evidence of laboratory microcosm studies for the specific contaminants 
of concern, and existence of petroleum-degrading microorganisms in 
groundwater. 

Enhanced Bioremediation Enhanced bioremediation typically involves the delivery 
of nutrients to bacteria that degrade the petroleum products, breaking them down 
to carbon dioxide and water. Some type of initial testing is typically required 
to assess the existing level of biological activity and the appropriate nutrient 
supplements needed to affect the biodegradation. This technology has been used 
successfully to reduce VOG contamination levels. Implementation would require 
a system for injection of nutrients and oxygen. The biological processes may be 
difficult to control in situ, and nutrients would be difficult to deliver due to 
the pavement at the site. 

Aquifer Air Sparging Aquifer air sparging (AAS) is an in situ remedial 
technology that reduces concentrations of volatile constituents in petroleum 
products that are adsorbed to soils and dissolved in groundwater. This 
technology, which is also known as "in situ air sparging" involves the injection 
of contaminant-free air into the subsurface saturated zone, enabling a phase 
transfer of hydrocarbons from a dissolved state to a vapor phase. The air is 
then vented through the unsa.turated zone. AAS is most often used together with 
SVE, but it can also be used with other remedial technologies. When air sparging 
is combined with SVE, the SVE system creates a negative pressure in the 
unsaturated zone through a series of extraction wells to control the vapor plume 
migration. This combined system is called AAS/SVE. 

AAS is not effective if free-phase petroleum product is present at the site. 
Application of AAS results in potential mounding of groundwater around the sparge 
well, thus resulting in smearing of the free product in the unsaturated zone. 
The GA has reported presence of free product at Facility 325. Hence, implementa
tion of AAS at Facility 325 will be evaluated at a time when all the recoverable 
free product is removed from the aquifer. 

Table 3-5 presents a list of all the technologies evaluated for Facility 325 and 
describes the rationale for screening and selection of technologies for further 
consideration. 

3.8 ALTERNATIVE SELECTION. The following presents the characteristics of the 
remedial system: 
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Component 

Free-Product Removal 

Soil Treatment 

Ex situ 

In situ 

Groundwater Treatment 
Ex situ 

Extraction 

See notes at end of table. 
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Table 3-5 
Selection of Technologies 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Rorida 

Technology Rationale Decision 

Manual bailing Dependent on natural hydraulic gradient of Deleted. 
free product. 

Removal process takes longer time 
frames. Can not remove all the recover-
able volume of free product. 

Groundwater recovery and cleanup can 
not be initiated until free product removal 
is complete. 

Absorbent socks Same as above. Deleted 

Skimmer pumps Same as above. Deleted 

Vacuum enhanced extraction Vacuum enhances the hydraulic gradient Re-
of the free product. tained 

Free product removal process takes rela-
tively shorter time frames. 

Free product, groundwater, and soil vapors 
can be extracted simultaneously . 

Soil removal and disposal Soil excavation is not feasible because of Deleted 
Soil removal and treatment the on-site facilities which may potentially 

have to be replaced. 

SVE Using vacuum enhanced extraction tech- Re-
no logy for SVE allows for simultaneous tained 
recovery of free product and contaminated 
groundwater. 

Biological degradation It may be cost efficient if natural attenua- Deleted 
tion is occurring. Otherwise this technolo-
gy requires supply of nutrients and control 
over microbial growth. 

Pumping Requires extraction of groundwater, free Deleted 
product and soil vapor in three different 
stages. 

Vacuum enhanced extraction Contaminated groundwater, free phase Re-
petroleum product and contaminated soil tained 
vapor may be extracted simultaneously. 

Recovery trenches Excavation activities are restricted at the Deleted 
site. 

------ -
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Component 

Table 3-5 (Continued) 
Selection of Technologies 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Florida 

Technology Rationale 

Treatment Air stripping 
UV/OX 

Use of these technologies require in
stalling capital intensive treatment sys
tems. Carbon adsorption 

Oily-waste collection and treatment 
system 

Discharge Infiltration galleries 

In situ 

Oily-waste collection and treatment 
system 

Surface water 

Natural attenuation 

Enhanced biodegradation 

Aquifer air sparging 

Notes: SVE = soil vapor extraction. 
UV lOX = ultraviolet light and oxidation. 
VOA = volatile organic aromatic. 
TRPH = total recoverable petroleum hydrocarbons. 
NPDES = National Pollution Discharge Elimination System. 
AAS = atomic absorption spectroscopy. 
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Groundwater contamination is limited 
to total VOA, total naphthalenes and 
TRPH. 

Emulsified fluids may be separated 
into oil and water. Separated water 
may be further treated at the oily waste 
treatment system. 

Subsurface soil at Facility 325 is per
meable. Once groundwater is treated 
it may be discharged underground via 
infiltration galleries. Requires special 
permitting from the local and State 
regulatory agencies. 

Base's oily waste collection and treat
ment system has the capacity to han
dle the extracted groundwater. 

Requires NPDES permit be maintained. 

Evidence of natural attenuation based 
on three episodes of historical sam
pling. 

Requires supply of nutrients and con
trol over the microbial growth. 

Very effective when combined with 
SVE. AAS is less costly than above 
ground treatment systems. However, 
free product removal should be com
plete before application of AAS. 

• 
Decision 

Retained 

Retained 

Retained 

Retained 

Deleted • Retained 

Deleted 

Retained 
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flexible to recover both the vapor phase and the liquid phase contami
nants simultaneously. 

Exposure pathways for total VOA, total naphthalenes and TRPH in 
groundwater are very limited. Wi th an exception of total VOA, 
contaminants of concern are below the moni toring only guidelines of 62-
770, FAC. Hence, a separate treatment for groundwater is not warrant
ed. However, cost effective enhancement to the selected soil and free
product technology may be proposed to accelerate the cleanup of total 
VOA in groundwater. 

The recommended remedial alternative for Facil_t"t;:y_325 --soil- and groundwater 
contamination at CSS Panama City :is--;ource ~abatE!l"!l~ __ through~a~_free=-produc_t_ j 

___ moriiYoring ana-recovery program, . SYE-:-and" groundwatermonit.o.r.ing .. The remedial 
,~constructn)tliS-aIso-'propose(Ct()-rncorporaf~-necessary components for future 

potential installation of an AAS . 

CSSPC325.RAP 
PMW.05.96 3-23 



• 

• 

• 

4.0 RECOMMENDED REMEDIAL ACTION 

The components of the remedial action at Facility 325 are as follows: 

vacuum enhanced extraction of free product, and limited extraction of 
groundwater, treatment of mixed fluids at the oily waste collection and 
treatment system; 

vacuum enhanced extraction of soil vapor, and treatment of soil vapor; 

installation of necessary piping for a future potential aquifer air 
sparging system; and 

groundwater monitoring. 

4.1 VACUUM ENHANCED EXTRACTION SYSTEM. The VEE system at Facility 325 will be 
used to recover free product and soil vapor. 

Components of a VEE system at Facility 325 include 

vacuum enhanced extraction wells (VEEWs), 
extraction well heads, 
piping network, 
vacuum pump, 
total fluids collection tank, 
vapor treatment, 
oil-water separator, and 
groundwater treatment system. 

Figure 4-1 presents the schematic for the VEE system. VEE results in simulta
neous extraction of soil vapor, free-phase petroleum hydrocarbons and a limited 
extraction of groundwater. Figure 4-2 presents a schematic of the well head for 
the VEE. 

4.1.1 Technology Description 

4.1.1.1 Free-Product Recovery Free-phase liquid and groundwater are extracted, 
using a draw-tube with its tip located at the oil-water interface. Location of 
the tip of the draw-tube is adjusted based on the depth to oil-water interface. 
A vacuum is initially applied to the draw-tube to begin removal of groundwater 
and free product. The draw-tube and the well casing are manifolded ·to the same 
vacuum source. High vacuum is applied to the draw-tube in order to lift the 
water and/or free product thus lowering the water table within the formation area 
of the recovery well. A vacuum applied to the inside the of the well bore hole 
also results in a positive uplift pressure on the water table, thereby increasing 
the hydraulic gradients of the fluids within the well. 

The vacuum influence of the well increases the hydraulic gradient for flow of 
groundwater and product to the well, improving the ability of the recovery well 
to extract the free product . 

CSSPC325.RAP 
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Implementation of the free product recovery program using VEE incidentally will 
result in the two additional following actions: 

Extraction of contaminated groundwater from the hot spot areas 

Increase in dissolved oxygen levels in the groundwater within the 
influence area of the VEE well 

Pilot-scale tests conducted elsewhere using VEE have reported observation of an 
increase of 1 to 2 mg/l of dissolved oxygen at the end of an 8-hour VEE 
application at the recovery well (as described in Subsection 3.7.2, oxygen is one 
of the main nutrients required for sustaining natural attenuation of petroleum 
hydrocarbon components dissolved in groundwater). 

4.1.1.2 Soil Vapor Extraction A vacuum applied to the inside of the well casing 
creates an air flow through the contaminated soil towards the extraction well. 
As the contaminated vapor is extracted from the subsurface, a concentration 
gradient is created between the soil vapor and the sorbed contaminants. As the 
imbalanced contaminant concentration attempts to reach an equilibrium, fresh air 
continues to enter the contaminated soils. The continual recharge of air 
sustains the on-going concentration gradient until the soils become clean. 

4.1.2 System Design Vacuum enhanced extraction wells will be located to 
maximize the recovery of soil vapor from the vadose zone. Hence, the areal 
distribution of VEE wells will be based on the location of soil contamination and 
the radius of influence of each VEE well in the vadose zone. Each VEE well will 
also be installed to recover free product. Hence, the screen interval for each 
VEE well is selected to cover both unsaturated and saturated zones of the aquifer 
(see Table 4-1). The CAR has reported that the free product present at the site 
is expected to be in the form of small, isolated pockets. Therefore, it is 
anticipated that the areal distribution of VEE wells based on location of soil 
contamination will be sufficient to capture potential pockets of free product 
present at the water table. 

4.1.2.1 Free-Product Recovery Free product has been observed in monitoring 
wells MW-8, MW-9, MW-15, MW-18, MW-23, and MW-26. Free product, if present at 
the site, is anticipated to be distributed in the form of isolated pockets within 
the capillary zone in an area common to the groundwater and soil contamination. 
Free-product recovery wells will be the same as the soil vapor extraction wells. 

4.1.2.2 Soil Vapor Extraction Subsurface soil at Facility 325 consists of fine
to medium-grained sand with less than 10 percent of clay. Based on the hydraulic 
conductivity values estimated through slug tests conducted during the CA, the 
intrinsic permeability at this site is estimated to range between 10-7 cm2 (10 
Darcys) to 10-8 cm2 (1 Darcy). Based on pilot scale and full scale studies 
co~d~cted elsewher_eJ_ox_simi-1a·r-soil_ty:pes_and--bydrogeological conditions, the 
~rad_iu_~_~~~f~~c_e~~is_.select~d_~s_}~ feet.J An estimate of vacuum 
drawdown, vapor flow rate, and the number of VEE-we-lls required was calculated 
based on the site-specific data presented above. 

• 

• 

Based on calculations presented in Appendix D, it is estiIllat_~d that_F_as:ility 325 \ • 
re_quir_es_5_VEE wells ,_wi.th-a--total_flow_r~Q.ff '225- cubic .~minut;e_ '.;J 

\(ft3/minL and a total V~~ll!ll~_:L_.2:2.2 !nches of mercury cO.hirrin.---'" These VEE wells 
~-'------- ---------~---- - ~--. -"--
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Table 4-1 
Construction Details of VEEj AAS Wells 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Florida 

VEE/ AAS Well 10 
Depth to Groundwater Screen Interval 

(ft bls) 

VEE-1 3.65 

VEE-2 4.80 

VEE-3 4.80 

VEE-4 4.60 

VEE-5 5.00 

AAS-1 4.70 

AAS-2 4.70 

AAS-3/MW-160 4.85 

Notes: VEE = Vacuum Enhanced Extraction. 
AAS = aquifer air sparging. 
ID = identification. 
ft = feet. 
bls = below land surface. 
D = deep well. 

CSSPC32S.RAP 
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(ft bls) 

2-10 

2-10 

2-10 

2-10 

2-10 

25-30 

25-30 

25-30 

4-5 

, 

I 

I 

Nearest Monitoring Well 
. , 

I 

MW-21 , 

MW-23, MW-26 

MW-18 

MW-15 

MW-10 

None 

None 

MW-16D 



are also designed to extract free product and groundwater. Hence, the vacuum 
pump selected for this system should operate under dry (100 percent soil vapor), 
wet (100 percent fluids) and mixed flow situations. The vacuum pump should also 
be capable of generating enough vacuum to extract soil vapor as well as free 
product and groundwater from the VEE well and carry the total fluids into the 
holding tank. Based on these requirements, the recommended vacuum pump for this 
site is an "Atlantic Fluidics, FLUID-VAC® liquid ring pump A300" or equivalent. 

This -liquid r~ng -pump has a 20-horsepower motor and operates on 230 volt, 3 - -~: 
'-phase:,_ah:ern~K_~~~r_e~, eTec-tric power. -Th~s system is capable ofex-tracting----

soil vapor, free product, ~groundwat~imultaneously. 

The liquid ring pump system (see Appendix D for details) will be skid mounted and 
equipped with pressure and vacuum gauges, adjustable pressure relief valve, a 
flow meter, and a thermometer. The vacuum pump will be explosion proof, it will 
be operated by a control panel located on the skid. The panel will actuate a· 
shutdown of the blower if 

the liquid level in the seal reservoir of the liquid ring pump (see 
Figure 4-5) is at or below a low level sensor, 

thermometer on the liquid ring pump reads temperatures at or higher 
than those set by the pump manufacturer, 

the liquid level in the total fluids holding tank is at or beyond a 
high level sensor, and 

the liquid level in the temporary fluids storage tank is at or beyond 
a high level sensor. 

In case of a shut off, the system will be serviced and the pump will be manually 
restarted. 

VEE wells VEEW-l, VEEW-2, VEEW-3, VEEW-4, and VEEW-5 will be installed at the 
locations shown on Figure 4-3. Construction details of the VEE wells are 
included in Table 4-1. Figure 4-4 presents the construction details for VEE 
wells 1 through 5. 

Figure 4-5 includes the p~p~ng and instrumentation diagram for the VEE system. 
Each VEE well will have two independent supply lines that are manifolded at the 
compound. Appropriate sampling ports, flow control valves, and flow meters will 
be installed on each vacuum supply line to facilitate selective operation of the 
VEE wells. A totalizer flow meter and totalizer sampling port will be installed 
after the manifold to moni tor the overall efficiency of the soil vapor extraction 
and free-product recovery process. The vacuum source attached to the drop tube 
will be designed to provide a third source of vacuum to facilitate supply of 
vacuum to any of the monitoring wells for potential free -product recovery. 
Installing these features on the well head would facilitate utilizing any of the 
existing monitoring wells as a free-product recovery well, thus improving the 
overall efficiency of the VEE system. The pipes from each VEE well will be 
designed to carry soil vapor, free product and groundwater. The pipes from the 
VEE wells to. the compound will be of 1 inch diameter Schedule 80 polyvinyl 
chloride (PVC). The main supply line connecting the manifold to the liquid ring 
pump will be of 4 inch diameter Schedule 80 PVC. 

CSSPC32S.RAP 
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Sensor cobles ----. 
Extension for odditional connection 

3' X 3' X 2'steel vault 

Junction box (explosion and 
water proof) with receptacle 

Concrete pavement (new) 

Steel reinforcement 

PVC 

Groundwater and/or free 
product to compound 

2-inch schedule 80 
PVC cap {vacuum tight) 

Gravel pock drain 12-inch diameter. 
1 foot bellow bottom of vault 

l-inch camlock 
coupling (typical) 

LEGEND 
c3J l-inch diameter ball 

valve (schedule 80 PVC) 

NOTES. 
VEE = Vacuum enhanced extraction 
PVC = Polyvinyl chloride 
DOT = Department of Transportation 
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with lockable steel traffic bearing 
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FIGURE 4-4 
CONSTRUCTION DETAILS OF 
VEE WELLS 1,2,3,4 AND 5 
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Vacuum in the vadose zone will be monitored through existing monitoring wells MW-
5, MW-7, MW-8, MW-10, MW-12, MW-20, MW-23, and MW-28 (construction details of 
these existing wells are included in Appendix D). These monitoring wells are 
located at varying radial distances from the VEE wells. Thus it is anticipated 
that the vacuum readings obtained on these wells will serve to establish the 
effective radius of influence from each of the VEE wells. These wells may also 
serve as air inlet wells for the vacuum system as needed. 

A vapor extraction pilot study was not conducted prior to the preparation of this 
RAP; therefore, it will be necessary to conduct startup testing of the vapor 
extraction system to fine tune and adjust the vacuum and flow rate and monitor 
VOA continuous concentrations at the effluent port. The startup testing program 
will consist of a vacuum pumping test of up to 8 hours in which vacuum pressures 
and flow rates will be measured. Based on the results of this testing program, 
the extraction rates necessary to achieve remedial goals will be determined. 

The overall performance of VEE will be evaluated based on the data obtained for 
the monitoring parameters listed below. 

Free Product Recovery: 

SVE: 

Initial and final thicknesses· of free product in source area and 
perimeter area monitoring wells 

Composition of total fluids collected at during extraction 

Vapor flow rates from the recovery wells 

Vapor concentrations during application of VEE 

Vacuum readings at the well heads from source area and perimeter area 
wells during application of VEE 

Groundwater Contamination Reduction at the Source Area Wells: 

Groundwater samples from source area and perimeter area wells 

Increase in dissolved oxygen concentrations in groundwater at the 
source area and.perimeter area wells 

Table 4-2 presents the data log for VEE. 

4.2 AQUIFER AIR SPARGING. Contaminants of concern in groundwater at Facility 
325 include benzene, total VOAs, PAHs, total naphthalenes and TRPH. The AAS 
system is proposed to cleanup benzene and total VOA in groundwater. This AAS 
system is anticipated to complement the previously proposed groundwater 
remediation components, including the limited extraction and treatment, and 
potential natural attenuation due to addition of oxygen to the subsurface 
environment during vacuum enhanced extraction. 

CSSPC325.RAP 
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Table 4-2 
Vacuum-Enhanced Extraction Data Log 

Remedial Action Plan, Facility 325 
Coastal Systems Station Panama City 

Panama City, Florida 

Site: 

Date: Vac·Truck Operator: 

Logged By: Checked By: 

Vapor Flow 

Applied Vacuum 2 (H 20 in.) 
Rate3 (SCFM) Vapor 

Well Head Vacuum 6 (H 20 in.) 
Volume of Fluids8 

Time' at the- Concentration4 (gallons) 
Recovery Well 

Total Drop Tube Well Casing Total Total MW·4 MW·5 MW.f3 MW·7 MW·12 Total Water FP 

, Time: Time at which the measurements are made 
2 Applied Vacuum: Vacuum measured at V1, V2, and V3 Use Vacuum Gauges 
3 Vapor Flow Rate: Measured at V1 Use Anemometer 
• Vapor Concentration: Measured at V1 Use Tedlar Bags to collect Vapor Sample and measure with a VOA analyzer 
5 Well Head Vacuum: Vacuum measured at monitoring wells Use Vacuum Gauges 
8 Volume of Fluids: Measured from the polyethylene tank Use Oil Water Interface Probe 

Notes: H20 = water. 
SCFM = standard cubic feet per minute. 
FP = free product. 
V1 = at Vacuum Pump. 
V2 = at the drop tube. 
V3 = at the well casing. 
VOA = volatile organic aromatic . 

• • • 
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As mentioned in the earlier sections, an AAS system will not be efficient if free 
product is present at the site. Due to the presence of free product at Facility 
325, a flexible approach is adopted for the implementation of AAS. 

Install all the p1p1ng necessary for an AAS system to facilitate 
future addition of the air sparge wells and compressor unit. 

Implement free-product recovery program until there is no recoverable 
free product present in capillary zone. 

Evaluate the groundwater monitoring data for total VOA, benzene, and 
TRPH. 

If the free-product removal is complete and groundwater contamination 
continues to exist, then evaluate if AAS installation will accelerate 
cleanup of groundwater. 

A complete system is designed and system details are presented in this RAP for 
the purposes of budgeting and allocating resources. 

4.2.1 Technology Description AAS involves injection of contaminant-free air 
into the subsurface saturated zone, enabling a phase transfer of hydrocarbons 
from a dissolved state to vapor phase. The air is then vented through the 
unsaturated zone via soil vapor extraction. Additionally, the inj ected air will 
provide a source that should help biodegradation of volatile and less volatile 
components of hydrocarbons present in the saturated zone. AAS will be most 
effective for constituents of greater volatility and lower solubility and for 
soils with higher permeability. AAS should not be used if free product is 
present at the site. AAS can create groundwater mounding which could potentially 
cause free product to migrate and contamination to spread. Facility 325 has a 
single occurrence of free product at one of the monitoring wells (MW-26) located 
north east of the site. Currently, the only piping necessary for potential 
future installation of an AAS system will be installed at Site 325 along with the 
VEE system. Even though an air sparging system is proposed to be installed at 
Facility 325, its operation will be evaluated after removal of free product. At 
which time, a thorough review of groundwater monitoring data will be done to 
assess the advantages of adding the AAS system. 

Typical components of an air sparging system include the following: 

Well orientation, placement and construction details 
Manifold piping 
Compressed air equipment 
Monitoring and controls 

4.2.2 System Design Subsurface soil at Facility 325 consists of fine- to 
medium-grained sand with less than 10 percent of clay. Based on the hydraulic 
conductivity values estimated through slug tests conducted during the CA, the 
intrinsic permeability at this site is estimated to range between 10-7 cm2 (10 
Darcys) to 10-8 cm2 (1 Darcy). Based on pilot scale and full scale studies 
conducted elsewhere for similar soil types and hydrogeological conditions, the 
air sparging radius of influence is selected as 25 feet. An estimate of air 
pressure, air flow rate, and the capacity of compressor for a given number of air 
sparge wells was calculated based on the site-specific data presented above. 

CSSPC32S.RAP 
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Based on calculations presented in Appendix D, it is estimated that the 
installation of three air sparge wells will require a total flow rate of 30 cubic 
feet per minute (cfm) and a total air pressure of 8 pounds per square inch (psi). 
Two air sparge wells will be installed at locations presented on Figure 4-6. 
Table 4-1 includes the depth to groundwater table, extent of groundwater 
contamination, and the screen intervals for each of the air sparge wells. Figure 
4-7 presents the construction details of air sparge wells for AAS-l, AAS-2, . and 
AAS - 3. Based on the calculations presented in Appendix D, the recommended 
compressor for this site is an "W.E.S. Inc., SS5040, 25-40 cfm at 15 psi, 3-phase 
alternating current, 230 volt system or equivalent. 

Compressor (see Appendix D for details) will be skid mounted and equipped with 
pressure gauges, an adjustable pressure relief valve, a flow meter, and a 
thermometer. The compressor will be operated by a control panel located on the 
skid. The panel will actuate a shutdown of the compressor if the thermometer on 
the compressor reads temperatures at or higher than those set by the pump 
manufacturer. In case of a shut off, the system will be serviced and the 
compressor will be manually turned on. 

Air sparge wells AAS-l, AAS-2, and AAS-3 will be installed at the locations shown 
on Figure 4- 6. Air pressures in the saturated zone and dissolved oxygen 
concentrations will be monitored through existing monitoring wells MW-5, MW-7, 
MW- 8, MW-10, MW-12, MW- 20, MW- 23, and MW- 28 (construction details of these 
existing wells are included in Appendix D). These monitoring wells are located 
at varying radial distances from the air sparge wells. Thus, it is anticipated 
that the pressure readings obtained on these wells will serve to establish the 
effective radius of influence from each of the AAS wells. 

An air sparging pilot study was not conducted prior to the preparation of this 
RAP; therefore, it will be necessary to conduct startup testing of the air 
sparging system to fine tune and adjust the air flow rate and monitor pressure 
changes at the surrounding monitoring wells. The startup testing program will 
consist of an air sparge test of up to 8 hours in which air pressures and flow 
rates will be measured. Based on the results of this testing program, the air 
flow rates necessary to achieve remedial goals will be determined. 

4.3 TREATMENT OF MIXED FLUIDS. During implementation of free product and 
groundwater recovery, the total fluids collected in the holding tank of the 
liquid ring pump system will be discharged into a· l,OOO-gallon polyethylene 
observation tank, which is next to the oily-waste collection and treatment 
system. This tank will be connected to the oily-waste collection and treatment 
system. Mixed fluids are temporarily stored in the polyethylene tank to make a 
visual estimation of composition of fluids. 

The oily-waste collection and treatment system at CSS Panama City consists of an 
oil-water separator and an oily-waste treatment plant. Contaminated groundwater 
will be treated at the oily-waste treatment plant. 

CSSPC325.RAP 
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VOA = volatile organic aromatic 
OVA = organic vapor analyzer 
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FIGURE 4-6 
LOCA TlON OF AAS WELLS 
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2-foot x 2-foot x 2-foot steel vault 
lockable traffic bearing steel cover 
(AASHTO/DOT approved) 

3,000 psi I:';';':: 
type I cement 

1-inch schedule 
SO PVC pipe 

2-inch 

2-inch schedule 40 
PVC cap (vacuum tight) 

2-inch schedule 40 
PVC drain pipe 
(6-inch length) 

Gravel pack drain 
S-inch diameter x 
1 foot below bottom 
of vault 

-:·:·:1 

1-inch diameter 
ball valve (brass) 

Existing asphalt 
surface 

Schedule SO PVC 
threaded cap 

6-inch minimum 

.:.:.:.:.:.:::::::::1-2 feet below land surface 
,~ .-..... 1 

:!)+---- Water:grout 
1:3 mixture by 
weight with some 
bentonite 

IOC .. I 2-inch diameter 
schedule SO PVC 
riser pipe 

--23.5 feel below land surface 
'/-Jio Bentonite seal 

-24 feet below land surface 
--25 feet below land surface 

:;~:§§:.~~.. 20/30 sand pack 

·~:@~[fj 2-inch diameter 0.010 slot 

2-inch· PVC cap [-:oE:J' 
schedule SO PVC screen 

-- 30 feet below land surface 

NOTES I 
PVC = Polyvinyl chloride 
DOT = Department of Transportation 
AASHTO = American Association of State 
psi = Pounds per square inch 
AAS = Aquifer air sparging 

FIGURE 4-7 
WELL CONSTRUCTION DETAILS OF 
AAS WELLS 1, 2 AND 3 
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,., -/ --30.5 feet below land surface 

-1 [--s inches 

Highway Transportation Officials 
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4.4 TREATMENT OF PETROLEUM HYDROCARBON VAPORS. Petroleum hydrocarbon vapors 
generated through SVE and air sparging systems are contained/treated at three 
different stages of their process flow (see Figure 4-1). 

(1) Containment within the liquid' ring of the liquid ring pump system. 

(2) Containment with in the centrifugal scrubbers installed at the effluent 
port of the liquid ring pump system. 

(3) Treatment within the solid phase granular activated carbon system 
installed at the effluent port of the centrifugal scrubbers. 

The liquid ring pump system will extract vapor from VEE wells. These vapors will 
travel through the PVC pipelines into the system enclosure where by they pass 
through the liquid ring pump system. The liquid ring pump, which is also known 
as a true vacuum pump, consists of a single aluminum impeller that spins at a 
very low speed (700 revolutions per minute) inside an aluminum housing. The 
liquid ring is developed inside the pump housing and becomes the housing wall. 
The liquid used inside the pump is generally water, however, any suitable liquid 
can be used. These principle design characteristics available with liquid ring 
pumps minimize the risk for a spark to occur in the pump. As the product vapor 
enters the liquid ring pump, it is compressed on the housing wall of water. The 
discharge air and vapor, along with a portion of the pump's liquid supply, are 
then discharged to an unrestricted exhaust tower also known as centrifugal 
scrubber. The pump liquid supply that is discharged absorbs some of the vapor 
resulting in a reduced concentration of vapor at the effluent port of the 
scrubber system. Water from the liquid ring pump tower may be collected and 
treated along with the total fluids collected in the fluids collection tank. 
Vapors at the effluent port of the centrifugal scrubber will be treated before 
atmospheric discharge using two 2,000 pound. GAC vessels that will remove the 
volatile organic hydrocarbon compounds. Based on a flow rate of 225 scfm and an 
estimated concentration obtained using calculations included in Appendix D, the 
first two drums are expected to last approximately 30 days. Due to the 
substantial reduction of vapor concentrations with in the liquid ring pump system 
and an anticipated decline in the concentrations of vapors over time the GAC 
drums are expected to last longer. However, sufficient supply of carbon to last 
for the first 2 months of operation will be provided before the VEE system is 
turned on. Carbon delivery and replacement will be handled by a carbon vendor 
who will remove the spent carbon and regenerate the carbon through incineration 
at their facility. The SVE exhaust will be run through carbon in this,manner for 
a minimum of 2 months as outlined in the "Guidance Manual for Review of Petroleum 
Remedial Action Plans, November 1990". Following the first 2 months of 
operation, data will be reported to evaluate if additional exhaust gas treatment 
will be required. Figure 4-5 presents the piping and instrumentation diagram 
for the VEE/AAS system at Facility 325. 

4.5 SYSTEM STARTUP. Prior to the initiation of the free-product and 
groundwater recovery and monitoring program, groundwater from the source area and 
perimeter area monitoring wells will be collected for laboratory analyses as a 
baseline concentration for the monitoring ,program. 

The proposed initial phase of site remediation involves SVE operation and 
implementation of free product monitoring and recovery program before activation 

CSSPC325, RAP 
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of the AAS system. Soil vapor extraction and free-product recovery and limited 
groundwater extraction will be implemented simultaneously using a liquid ring_ --- ------ ----- -
pump via VE~.~_@nce the free-product mohitori!1g. and·Fecovery·: program· indicates __ ' 

j'~Dsence~~_ ~~~.e.~~:)ro~~c:~ ... ';md SVE. vapor con~eri.t~a~j..9n.? __ Lea,G.h,_a~Y-ffipto_t..i_c"':'level-,--
, l.nstallat1.on of aqu~.~.g_EJ~ar1.ng wells w.!Jl_be_evaluated.--

The evaluation may lead to one of two of the following actions: 

If the evaluation indicates that installing an AAS system is economical 
for reducing total VOA concentrations in groundwater, the AAS wells 
will be installed and hooked up to a compressor of the designed size. 
The AAS system installation will be completed within 4 weeks after 
approval of the decision. 

If the evaluation indicates that the groundwater total VOA concentra
tions may be attenuated through natural processes of degradation, 
installation of an AAS system will not be warranted. 

Operation of both systems will be monitored weekly for the first 3 months and 
monthly for the remainder of the year of operation. During these operational 
checks, data will be recorded such as vacuum pressures and exhaust flow rates, 
vapor concentration measurements, ·AAS inj ection pressure and flow rates, and 
hours of operation. These measurements will allow to op_timize-the--ef"-f-ic·ienc~_o.f_-. 
the remediation systems performance ov~r_tiIl1e .. __ cFollowing the_f.ixss 3~C!.r of 

loperation-, -a-new-operatron-and maintenance schedule will be submittea to -FDEP--for--' 
'~eview. ~'. ------- -.---- - ------ ._-----------. 
""----_ ... - . 

4.6 SYSTEM MONITORING AND REPORTING. To maximize and monitor system perfor
mance, monitoring during every extraction event is recommended. 

r--o:-~~-______ ._ .~_~ --------- .-~- _____ ~ -_ 
4.6.1 Free-Product Recovery 'Free-::-product tni-ckne-ss and depth to groundwater 

,:,wt:tl-b-e--measured on a weekly_basis for the first 3 months,' m~mthly, for-the-
.--rewaincler' of the year In- order to~establish the pres~ce,:",or,:,a.hsetice of free " 

prOGUC t-at-t=he-s·tte. Free -product and groundwaterr~covery will be continued. 
,r upti-l--I!9..recoYerable.:.i,ree product _ts- identi-fied--l.n any of the VEE wells for three 
"consecuti~-= quar_ters. ,--- - .. - ----, .----- --. 

4.6.2 Soil Vapor Extraction On a weekly basis for the first 3 months and 
monthly basis for the remainder of the first year of operation, SVE emissions 
will be monitored for volatile organic hydrocarbons using an OVA or portable gas 
chromatograph. Vapor monitoring will be performed on the SVE airstream before 
entrapment in the liquid ring system, before carbon treatment, mid carbon 
treatment, and following carbon treatment so that carbon vessels can be changed, 
out before system breakthrough. The monitoring schedule for the remaining term 
of remediation will be based on an evaluation of the first three months of data 
collected on the operation of the system. 

The air emissions, after controls, (i.e., after the carbon treatment stage) will 
be monitored to meet the requirements of FDEP guidance levels (FDEP, February 
1996). Samples shall be collected in a tedlar bag and analyzed by USEPA Method 
25A to determine total VOG concentrations in the discharge air . 

CSSPC32S.RAP 
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Air emissions will be monitored weekly for the first month of operation and 
monthly for the remainder of the year until vapor treatment is offline. 

4.6.3 Aquifer Air Sparging Source area and perimeter area monitoring wells 
will be sampled and analyzed for Total VOAs, and benzene before AAS system 
startup. Before sampling, the water level and dissolved oxygen of each well will 
also be measured. This data·· will ··,provide baseline for evaluating system 
performance through time. ,A..s.----stated·in-Rule 62-770.73Q,·· FAC,re"Qresent_ative-

-- -- ---- - -----,monitoring wells-will be gauge-a moriEl1Ty for the first- 6 months and quarte.rly.> 
I _ • .-_.', -----

, -A~f£~Fthat . 'Fab'Le 4 -.3-pre s en ts -a~ ou tline o.LsY2.rem~a.mp-l,.ing_and_monJJ:or i ng-.f~;; 
the fiYst-2-yea-rs-o·f-systein operation. 
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Table 4-3 
Monitoring Plan Sampling Schedule 

Remedial Action Plan 
Facility 325 

Coastal Systems Station Panama City 
Panama City, Aorida 

Task 
Monthly Monitoring 

1 2 3 4 5 '12 

Measure water levels 0 0 0 X X X X 

Measure free product thickness 0 0 0 X X X X 

Sample perimeter area wells2 X X X X X X X 

Sample source area wells3 X X X X X X X 

Soil Vapor Samples 0 0 0 X X X X 

Air Emissions Samples 0 X X X X X X 
(US EPA Method 25A) 

, Estimated maximum time to cleanup. 
2 Includes monitoring wells MW-2, MW-7, MW-12, and MW-14. 
3 Includes monitoring wells MW-8, MW-9, MW-10, MW-15, MW-21, MW-23 , and MW-26. 

Notes: o indicates task to be performed weekly in the given month. 
X indicates task to be performed once in the given month. 
NA = not applicable. 

CSSPC325.RAP 
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Quarterly Monitoring (1st year) 

1 4 7 10 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

NA NA NA NA 

I 
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5.0 COST ESTIMATE 

The cost estimate is inserted following Appendix E in those report copies that 
require it and has been omitted in others. This was done to facilitate Navy 
procurement requirements . 

CSSPC325.RAP 
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6.0 SCHEDULE 

It is estimated that the VEE system installation and AAS pl.pl.ng installation will 
begin approximately 4 weeks following contract agreement. System installation 
is anticipated to ta}ce 6 weeks. Based on calculati()ns. included in Appendix D._ 
phe~VEE-?AAS~~tr~i~d"::;~~~~e:o;p~l?~a.t·e"'~I~~j.r.s-:-<~Gr.b_~J:1Awat.er::wn 1. 
b~1!!.Q.ni.t9_r:.e_d for_l-year-beyond_~?a ~~,of_sy§!e~-oper a t ion . 
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7.0 DOCUMENTATION 

A VEE, AAS system operation and groundwater operation, and maintenance plan will 
be provided at the time of installation and startup. The plan will provide all 
necessary information for the proper operation and maintenance of the product 
monitoring and recovery program. The plan will include, at minimum, the 
following: 

system startup instructions; 

system shutdown instructions; 

electricals and controls wiring diagram; 

system "as-built" drawings; 

equipment manufacturers' product operation manuals for each piece of 
equipment; 

equipment warranty and guaranty information; 

equipment service and repair vendor information; 

system troubleshooting guide; 

equipment and system maintenance schedule and checklist; 

material safety data sheets for materials used or being treated; 

monitoring schedule, including sampling frequency, sampling locations, 
required analyses, parameters for field measurement, vapor monitoring 
requirements, and vacuum measurement requirements; and 

instructions for maintaining a site activity log. 

The manual will be assembled and bound in a manner suitable for use in the field . 

CSSPC325.RAP 
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8.0 PROFESSIONAL REVIEW CERTIFICATION 

This RAP was prepared using standard engineering practices and designs. The plan 
for remediating this site is based on the information collected between October 
1992 and April 1996, and engineering detailed in the text and appended in this 
report. If conditions are determined to exist that are different than those 
described, the undersigned professional engineer should be notified to evaluate 
the effects of any additional information on the design in this report. 

This RAP was developed for the Facility 325, CSS Panama City, Florida, and should 
not be construed to apply to any other site . 
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Appendix A-I 

FREE PRODUCT THICKNESS ESTIMATE 
CSS Panama City, Facility 325 
Panama City, Florida 

The measured free product thickness in a monitoring well is an apparent thickness and not the actual 
thickness of product in the soil. The primary factors which influence the degree of exaggeration in the 
apparent thickness include grain size and product density. Various methods for estimating the actual 
thickness are presented in Testa and Winegardner (1991). The following equation, referred to as 
CONCAWE in that text, may be used. 

where: 

H p;o Po 

h pOA P - Po c w 

H is the apparent thickness 
h is the actual thickness 
Pcwo is the capillary pressure at the water-oil interface 
PcoA is the capillary pressure at the oil-air interface 
Po is the density of the product 
Pw is the density of water 

The specific gravity of the product at this site is estimated to be 0.8. Therefore; 

Po = 0.8p w 
H P:O 0.8pw 

=--
h poA Pw - 0.8pw c 

P:O 0.8 = 4 P:O 
poA 1 - 0.8 poA 
c· c 

and 

Assuming the capillary pressures at the water-oil and oil-air interfaces are equal; 

H pwo 
_ :: 4 c 4 
h 

-:: 
poA 

C 

or h:: H 
4 

The product thickness is directly related to the volume of product contaminated soil, therefore, using 
the above equation, and assuming the porosity of the soil to be 0.25, the volume of the product is 
estimated as 550 gallons. 

This estimate is consistent with actual measurements referenced in the text and is considered 
appropriate for this site. 

Reference: Testa, S.M., and Winegardner, D.L., 1991, Restoration of Petroleum Contaminated Aquifers: Lewis 
Publishers, Chelsea, Michigan, 269 p . 
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FREE PRODUCT VOLUME CALCULATION 
CSS Panama City, Facility 325 
Panama City, Florida 

PROJECT: CSS PANAMA CllY, Facility 325 
DATE: 08MAY1996 

CHECKED BY: 
ENGINEER: 

The estimated thickness and extent of product at Facility 325 is illustrated in Figure 3. 
In April 27, 1996 free product was detected in MW-26 with a thickness of 0.52 ft, and 

KGK 

in several other wells with a thickness ranging between 0.1 ft and 0.02 ft. The volume of actual free product saturated soil is 
estimated in the table using the average end area method. 

Apparent 
Thickness 

V 
n 
nV 

(ft) 
0.52 
0.50 
0.00 

• 

Actual Average 
Thickness Area Area 

(ft A 2) (ft A 2) 
0.130 0 0 
0.125 707.14 353.57143 
0.000 3712.50 2209.8214 

Volume of soil saturated with product: 
Porosity 
Free Product Volume 
Conversion of above 

Incremental 
Volume 

(ft A 3) 
0.000 
1.768 

276.228 

Cumulative 
Volume 

(ft A3) 
0.00 
1.n 

278.00 

279.76 ft A 3 
0.25 

69.94 ftA 3 
523.23 gallons 

assumed 

• 
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APPENDIX A-II 

SOIL 



• Appendix A-II I I I i 
JP-S Parameter Estimate 

! 
DATE: MAY 8,1996 ENGINEER: KGK CHECKED BY: 

Compound Molecular Vapor Mass Boiling Water Kow Calculated Weighted Koc Calculated Weighted 
Weight Pressure Fraction Point Solubility I Henry's Law Const He Koc Koc 

atm C mgll I atm*m"3/mole 
2-methylpentane 86.2 0.21 0.07 60 14 6457 1.293 0.089217 3830 3830 264.27 
3-methylpentane 86.2 0.2 0.04 64 13 6457 1.326153846 0.047741538 3830 3830 137.88 
n-hexane 86.2 0.16 0.07 68.7 13 8710 1.060923077 0.074264615 3830 3830 268.1 
benzene 78.1 0.1 0.15 80.1 1780 135 0.00438764 0.000640596 65 65 9.49 
toluene 92.1 0.029 0.15 110.6 535 490 0.004992336 0.000728881 240 240 35.04 
ethylbenzene 106.2 0.0112 0.15 136.2 152 1400 0.007818276 0.001141468 863.2 126.03202 
o-xylene 106.2 0.0007 0.15 144 175 890 0.000400526 5.84768E-05 700 700 102.2 
napthalene 128.2 0.0001 0.11 218 33 1738 0.000543879 5.8195E-05 962 962 102.934 1 

1-methylnaphthalene 142.2 5E-05 0.07 244.6 25 7413 0.0002844 1.96236E-05 3570 3570 246.33 
2-methylnaphthalene 142.2 5E-05 0.07 241 27 7943 0.000263333 0.00001817 3570 3570 246.33i 

I 

1.00 Weighted Average 0.213888564 Weighted Average K 1538.606 

• 

• 
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Appendi. A·U 
TOTAL MASS OF HYDROCARBON 

IN THE UNSATURATED SOIL WNE 

IPROJECf NAME: ICSS Panama City. Facility 325. Panama City. Florida 
IMASS OF CONTAMINANT 1 
DATE: 4119/95 IENGINEE KGK CHECKED BY: 

I lncr~ment81 Quantitie! Total 
Symbol I Description I 2 3 4 5 6 7 8 9 10 Quantity Unit. 
Vol Total TOTAL VOLUME OF CONTAMINATED SOn.. WATER AND AIR 84076 29041 11178 4421 1882 1450 312 29 0 0 ft~3 

Ca A YERAGE AIR OVA CONCENTRATION 275 750 1250 1750 2250 2750 3250 3750 4250 4750 EEm 
Vol Air VOLUME OF CONT AMINATED AIR 18917 6534 2515 995 423 326 70 7 0 0 ft~3 

M ... Air MASS OF CONT AMINATED AIR I --- ---
0.1 0.1 0.1 0.0 00 0.0 0.0 0.0 0.0 0.0 ~ 

Hc ESTIMATEDlP·5 HENRY'S LAW CONSTANT 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 atm·~3/mole 

Cw WATER CONTAMINATION CONCENTRATION 1309.52 3571.43 5952.38 8333.33 10714.29 13095.24 15476.19 17857.14 20238.10 22619.05 m~ 
Vol Soil VOLUME OF CONT AMINATED SOn.. I 63057 21780.75 8383.5 3315.75 1411.5 1087.5 234 21.75 0 0 ft~3 ---
Sd DEGREE OF SATURATION I I 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 lmitles. ----
Vol Water VOLUME OF CONTAMINATED WATER IN SOn.. 16478.9 5692.036 2190.888 866.516 368.872 284.2 61.152 5.684 0 0 19a1 
M ... Water MASS OF CONTAMINANT IN WATER I 81.67843 76.94413 49.36019 27.33136 14.95908 14.08651 3.582124 0.384178 0 0 ~ 
Koc ESTIMATED lP·5 PARTITIONING COEFFICIENT 1539 1539 1539 1539 1539 1539 1539 1539 1539 1539 Vg 
foc FRACTION OF ORGANICS 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 ~. 

n POROSITYI 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 dimensionless 
Kd DISTRIBUTION COEFFICIENT 0.9234 0.9234 0.9234 0.9234 0.9234 0.9234 0.9234 0.9234 0.9234 0.9234 dimensionless 
W UNIT WEIGHT OF SOn.. 150 150 150 150 150 150 150 150 150 150 Iblft3 
Ka SORBED TO DlSSOL YEO RATIO 6.659 6.659 6.659 6.659 6.659 6.659 6.659 6.659 6.659 6.659 dimensionless 
M ... Soi1 MASS OF CONTAMINANT IN SOn.. 543.9077 512.3813 328.6961 182.0032 99.61451 93.80396 23.85385 2.55829 0 0 ~ 
M ... Total TOTAL~~SSOFHYDROCARBON 625.7334 589.4642 378.1453 209.3839 114.6006 107.9159 27.44243 2.94316 0 0 2055.629 !kR 

• • • 
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Appendix A-III 

Summary of Groundwater Sample 
Laboratory Analysis, 

October 1992 through October 1995 

Remedial Action Report 
Facility 325, Coastal Systems Station 

Panama City, Aorida 

MW-1 MW-2 MW-3 MW-4 MW-5 
Applied 

I 1992 I 1992 I 1993 1992 1 1992119931 I Standard 1992 1993 1992 I 1993 1993 1993 1995 Oup Oup 

Benzene 'SO NO NO 5 6 NO NO 2 NO 1 NO NO NO NO 
Toluene NO NO NO NO NO NO NO NO 8 NO NO NO NO 
Ethylbenzene NO NO 19 21 2 NO 8 NO 59 3 NO NO NO 

Xylenes NO NO 19 22 3 NO 7 NO 160 6 NO NO NO 
Total VOA '50 NO NO 43 49 5 NO 17 NO 228 9 NO NO NO 

MTBE 250 NO NO NO NO NO 1 NO NO NO NO NO NO NO 

1,1-0CA 2700 NO NO NO NO NO NO NO NO NO NO NO NO NO 

1,4-0CB 275 NO NO NO NO NO NO NO NO NO NO NO NO NO 

Naphthalene 70 NO NO 82 NO NO 17 NO 33,000 8 NO NO NO 

1-Methyl-naphthalene 22 NO NO 25 NO NO 8 NO 50,000 9 NO NO NO 
2-Methyl-naphthalene 16 NO NO 16 NO NO NO NO 50,000 7 NO NO NO 

Total naphthalenes ' 100 108 NO NO 123 NO NO 25 NO 133,000 24 NO NO NO 

Acenaphthylene NO NO NO NO NO NO NO NO NO NO NO NO NO 

Acenaphthene NO NO NO NO NO NO NO NO NO NO NO NO NO 

Auorene NO NO NO NO NO NO NO NO NO NO NO NO NO 

Phenanthrene NO NO NO NO NO NO NO NO NO NO NO NO NO 

Anthracene NO NO NO NO NO NO NO NO NO NO NO NO NO 

TRPH '5 NO NO NO NO -NO NO NO 2 15,000 NO NO NO NO 

Lead '50 NO NO NO NO NO NO NO 6 NO NO NO NO 2.2 

See notes at end of table. 
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Appendix A-III (Continued) 
Summary of Groundwater Sample 

Laboratory Analysis, 
October 1992 throug h October 1995 

Remedial Action Report 
Facility 325, Coastal Systems Station 

Panama City, Florida 

Applied MW-6 MW-7 MW-8 MW-9 MW-10 MW-11 MW-12 

Standard 1992 1993 1992 1993 1995 1995 1995 1995 1995 1995 

Benzene '50 2 5 NO NO NO 12 NO NO NO 1.0 

Toluene NO NO NO NO NO NO NO NO NO NO 

Ethylbenzene 5 34 NO NO NO 71 26 20 NO 35 

Xylenes 2 31 NO NO NO 58 25 32 NO 2.1 

Total VOA '50 9 70 NO NO NO 141 51 52 NO 38 

MTBE 250 1 NO NO NO NO NO NO NO NO NO 

1,1-0CA 2700 NO NO NO NO NO NO NO NO NO NO 

1,4-0GB 275 NO NO NO NO NO NO NO NO NO NO 

Naphthalene 42 110 NO NO 2.3 420 130 98 NO 28 

1-Methyl-naphthalene 26 40 NO NO 1.4 170 38 34 NO 7.4 

2-Methyl-naphthalene 25 35 NO NO NO 160 53 32 NO 29 

Total naphthalenes '100 93 185 NO NO 3.7 750 221 164 NO 64 

Acenaphthylene NO NO NO NO 1.5 30 7.5 1.8 NO 17 

Acenaphthene NO NO NO NO NO 18 2.3 2.4 NO 1.6 

Fluorene NO NO NO NO 2.6 9.2 7.1 6.6 NO 3.1 

Phenanthrene NO NO NO NO NO NO NO 1.9 NO 1.4 

Anthracene NO NO NO NO NO NO NO NO NO NO 

TRPH '5 NO NO NO NO NO 1.4 6.1 2.0 NO 8.3 

Lead '50 8 NO 8 NO NO NO NO 1.2 1.2 NO 

See notes at end of table. 
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Appendix A-III (Continued) 

Summary of Groundwater Sample 
Laboratory Analysis, 

October 1992 through October 1995 

Remedial Action Report 
Facility 325, Coastal Systems Station 

Panama City, Aorida 

MW-13 MW-14 MW-15 MW-160 MW-17 MW-18 MW-19 MW-20 MW-21 
MW-21 

MW-22 MW-23 Applied Oup 
Standard 

1995 1995 1995 1995 1995 1995 1995 1995 1995 1995 1995 1995 

Benzene '50 NO NO 2.4 NO 2.7 NO NO NO NO NO NO 20 

Toluene NO NO NO NO NO NO NO NO NO NO NO NO 

Ethylbenzene NO 1.7 34 NO 6.2 1.6 10 NO 43 NO NO 71 

Xylenes NO NO 25 NO NO 2.0 14 NO 84 3.9 NO 60 

Total VOA '50 NO 1.7 61 NO 9.9 3.6 24 NO 127 3.9 NO 151 

MTBE 250 1.1 NO NO 1.4 NO NO NO NO NO NO NO NO 

1,1-0CA 2700 NO NO NO NO NO 5.0 NO NO NO NO NO NO 

1,4-0CB 275 NO NO NO NO NO NO NO NO NO NO NO NO 

Naphthalene NO 7.2 110 1.7 20 32 5.3 NO 6.1 53 NO 400 

1-Methyl-naphthalene NO 3.3 53 1.7 4.5 16 2.4 NO 8.4 67 NO 120 

2-Methyl-naphthalene NO 4.8 45 1.0 10 19 3.5 NO 28 56 NO 94 

Total naphthalenes '100 NO 15 208 4.4 35 67 11 NO 43 176 NO 614 

Acenaphthylene NO 7.3 14 NO 2.3 2.6 NO NO 5.2 3.8 NO 11 

Acenaphthene NO 19 10 NO 4.0 2.4 NO NO 1.2 NO NO 11 

Auorene NO 6.4 22 NO 4.1 5.8 NO NO 8.0 9.8 NO NO 

Phenanthrene 1.4 1.9 13 NO 1.3 1.3 NO NO 5.9 3.4 NO NO 

Anthracene NO NO 7.5 NO NO NO NO NO NO NO NO NO 

TRPH '5 1.0 1.5 3.1 NO NO 1.9 NO NO 1.7 1.5 1.2 1.0 

Lead '50 NO NO NO 9.1 NO NO 2.1 1.1 NO NO 1.2 NO 

See notes at end of table. 
-- - -- ----- ---- -- - - --- --- --- -- -- - - - -- -

A-7 



Appendix A-III (Continued) 
Summary of Groundwater Sample 

Laboratory Analysis, 
October 1992 through October 1995 

Remedial Action Report 
Facility 325, Coastal Systems Station 

Panama City, Rorida 

MW-23 
MW-24 MW-25 MW-26 

MW-26 
MW-27 MW-28 

Facility 363 
Applied Oup OUP MW-2 

Standard 
1995 1995 1995 1995 1995 1995 1995 1995 

Benzene '50 18 NO NO 11 6.0 NO NO NO 

Toluene NO NO NO NO NO NO NO NO 

Ethylbenzene 67 NO NO 58 33 NO NO NO 

Xylenes 59 NO NO 74 40 NO NO NO 

Total VOA '50 135 NO NO 143 79 NO NO NO 

MTBE 250 NO NO NO NO NO NO NO NO 

1,1-0CA 2700 NO NO NO NO NO NO NO NO 

1,4-0CB 275 NO NO 1.0 NO NO NO NO NO 

Naphthalene 330 NO NO 140 150 NO NO NO 

1-Methyl-naphthalene 100 NO NO 60 69 NO NO NO 

2-Methyl-naphthalene 76 NO NO 45 46 NO NO NO 

Total naphthalenes '100 506 NO NO 245 265 NO NO NO 

Acenaphthylene NO NO NO ·17 31 NO NO NO 

Acenaphthene 10 4.5 NO 11 4.1 NO NO NO 

Ruorene NO 2.0 NO 3.1 5.7 NO NO NO 

Phenanthrene NO 2.5 NO NO 2.6 NO NO NO 

Anthracene NO NO NO NO NO NO NO NO 

TRPH '5 1.7 4.0 NO 3.3 6.1 NO NO NO 

Lead '50 NO NO NO NO NO NO 1.3 NO 

• • • 



• • 
1 State NFA or MO target level for Class G-II groundwater and no potable wells within 0.25 mile (FDEP, May 1994). 
, Groundwater guidance concentration (FDEP, June 1994). 

Notes; Concentrations are in parts per billion except TRPH, which is reported in parts per million. 
Total VOA = the sum of benzene, toluene, ethylbenzene, and xylenes. 
Total naphthalenes is the sum of naphthalene, 1-methylnaphthalene, and 2-methylnaphthalene. 

Dup = Duplicate. 
NO = not detected. 
VOA' = volatile organic aromatic. 
MTBE = methyl tert-butyl ether. 
l,l-DCA = dichloroethane. 

l,4-DCB = dichlorobenzene. 
TRPH = total recoverable petroleum hydrocarbons. 
NFA = no further action. 
MO = monitoring only. 
FDEP = Aorida Department of Environmental Protection. 

A-9 
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eBechtel 
Oak Ridge Corporate Center 

151 Lafayette Drive 
P.O. Box 350 
Oak Ridge, Tennessee 37831·0350 

Facsirrll'le: (615) 220·2100 

Florida Department of Environmental Protection 
Division of Waste Management 
2600 Blair Stone Road 
Tallahassee, FL 32399-2400 

Attention: Eric Nuzie 

SUBJECT: Bechtel Job No. 22567 

SEP 2 I 1995 

Depart~ent of the Navy Contract No. N62467-93-D-0936 
UST CLOSURE ASSESSMENT FORM, COASTAL SYSTEMS STATION, 

PANAMA CITY, FLORIDA 

Subject Code: 7560 

006963 

eDearEric: . 

Bechtel Environmental, Incorporated is performing work under the U.S. Navy's Remedial Action Contract 
(RAC) at Coastal Systems Station, Panama City, Florida in coordination with ABB Environmental 
Services, Inc. (ABB-ES) who is performing work under the Navy's Comprehensive Long-Tenn 
Environmental Action Navy (CLEAN) contract. Part of this work involved removal of five USTs at Site 
325, in conjunction with an IRA for free product recovery and contaminated soil removal. Enclosed is a 
completed Closure Assessment Form covering removal of one of the five USTs and approximately 550 feet 

/ 

of pipeline trench with 4-inch supply and return pipelines. The Closure Assessment for the other four 
USTs and the IRA reporting information were reported to your office under separate cover by ABB-ES. 

Three of the USTs that were removed were regulated 20,000 gallon JP-5 storage tanks situated together in 
one tank pit, for helicopter refueling. There were two separate water separation/filtration systems on the 
helicopter fueling system, one near the tank pit, and one at the helicopter refueling pantograph at the flight 
line, approximately 550 feet away from the tank pit. Each of these t\-';"o systems had a 300 gallon UST for 
collection of water that was removed from the fuel. 

A Storage Tank Registration Form [DER form #17-761.900(2)] was filed to provide 30 daY-\\-Titten 
notification prior to closure of the five tanks (copy enclosed) and incorrectly listed the waste water USTs as 
waste oil tanks. These two tanks may have been previously registered as petroleum storage tanks, although 
they were in fact non-regulated tanks because they contained only de minimus quantities of petroleum 
contamination in the water. Because they were not regulated tanks, there were no compliance monitoring 

.wells associated with them. 

I~ __ ---::---=-=-=:~::
OW Bechtel Environmental, Inc. 

B·1 

ACTION REQ'O [1 YES [ 1 NO OUEOAiE __ _ 

RESPONSETOCH~ONNO. _____________________ __ 



006863 

Mr. Eric Nuzie 2 

The enclosed sketch depicts the site plan, with the oily water tank reported on this Closure Assessment 
Form sho\VIl as tank #324. The approximately 550 foot-long fuel lines (supply and return) are also ShO'Wl1 
on this sketch, running from the "Pump Truck and Loading Station" to the "Helicopter R~fueling Station." 
These two 4-inch pipelines were removed as part of the system closure, and will be replaced with 
secondary-contained pipeline by others as part of the overall system replacement/upgrade when new tanks 
are installed. The fuel delivery pantograph and fuel filtration system were also completely removed and 
portions salvaged for reuse in the new system. 

There had been no reported releases from the hydrant system prior to this closure, and no evidence of 
releases or spills was, detected during the closure. No contaminated soil was encountered and, therefore, 
none was removed as a part of the closure of this UST and the fuel pipeline. BEl performed soil screening 
during the pipeline system removal using headspace analysis with an OVA equipped with a flame 
ionization detector, following the procedures outlined in Florida Department of Environmental Protection, 
Pollutant Storage Tank Closure Assessment Requirements, February, 1994. Soil samples were collected 
from soil borings every 20 feet along the length of the pipeline and screened using headspace analysis. 
Similar samples were collected from the four corners and bottom center of the 300 gallon waste water UST 
pit after the tank was removed. None of the soil screening samples indicated the presence of any VOCs. 

• 

Due to remaining soil and groundwater contamination at the area near the three 20,000 gallon fuel storage • 
tanks, a site assessment is being performed by ABB-ES which \\;ll be reported separately in the future. 
Temporary monitoring wells will be installed by ABB-ES in the areas of suspected groundwater 
contamination, and additional soils samples will be collected as a part of that site assessment. 

If you have any questions or comments concerning this report, please contact IT'..e at (423) 220-2603. 

TMC:dcm:LR0352 

Enclosures: As stated 

cc: Gabe Magwood, SOUTHDIV RPM 
Jay Koch, ABB-ES (Tallahassee) 

Sincerely, 

~~C-~~ 
Steve Cowan 
Project Manager 

B-2 • 
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~ ... ~ 
~~ ~~\~ Flon·da Departnzent of Environmental Regu.lation 
-:'/ ... «y.\~./1/ 'iW\:'l Thw-:::-s Offie: Eldg .• 26..."<) 3!::.ir Sto::c N:=-: 0 ~-::..s.sc::, F!c:ie:::. 32399·:!';OO 
~/ . ~ 
~ . 

Closure Pssessment Form 

:>("Mo--. ~.~.:a:z~\ 
I 
i~:- c.,...". ~ """"" 

!.'-O_ :... Coc:.,.,>, 1:: ';90: 

X~A.:/IICJ'CA.4:In}t.a. If...., .... ,. :!oiJj 

:rs of stcrage iar.~ systems that are repLaC:r.g. remc.;ng or c!=S:r.g iii p!ace s:c~;e :anl<s shall USc this fc..-:1 ~o demcns:.a!e :"2: 2 s:orace 
:.1 clcsure asseS:7\ent W-c..S perior.ned in a~erdar.ce v;ith Rule 17·751 cr 17·762, Fiorida Adliiini~~ive Code. Ei:gible Early Oe!ectiot' Incer.
::01) and Re~r.::>urser.:ent Piogram sites do root r,eve to per.or.n a dCS'J~e assassOilent. 

... ·1. 

·s.-
: Please Print or Type 

C9ffiplete All p.f:Jpiicable Ela.ni<s 

Da!e:~~~--01i~~----------:----------
038518667 Bay 

D2r1 Facility 10 Number: 3. County: 

Facility Name: Coastal Systems Station, Panama City 

Fa::ility Owner: U. S. 'Navy 

Fecill\y Addr:ss: 6703 W. Hwy 98 Ccrle 0511 M: 

Mailir.g Address: Panarra City, FL· 32407-7001 
..... 

Te!ephone Number: ( 904) 235-5859 9. r~:!ity Ope!atot -Hike Clayton - :.'. ' . 

• ·Storage Tar,i«s): (Circle or.e or both) A ;..t-..,-...eg~ct::id or G Undercrcur.d) 

Type or Product.{s) Stored: Water/ JP-5 fran Fuel Filter System 

Were ihe Tanl«s): (Circle one) A Replaced ~cve2> C. Clos.-o-d in Place O. Upgraded (above~r0f:lnd t2.1Ks only) 

Number 01 Tanio;s Clcsed: One 
------~-----------

14. A;e of Tanl<s: __ 1_1--:::;y_ear __ s_' _________ _ 

Nc: 
No A;y':li::::a.:,le 

GJ 
o 
0 o 0 

o 0 o (2] 

D@ •. ~ 
o 0 
0 
0 

Facility Assessment Information 

1. Is !he facility parjc:j:lating in t;'e FionCa Pe"JolewOil Uabiii:y Ins!Jra...'"lC2 and Restora~on Program (~?LlR?)? 

2. Was a Discharge Reporjng ~ SUOr.lit".ed to the De;::;.aruneioc? 
If yo..s, When: ___________ _ Where: _________________ _ 

3. Is the depm to ground wa:er less tna~ 20 t~(l 

4, Are monitorinQ weils present 2!O\;nd L'1e .$!ora=e ~fS!e:7\? 

If yo..s, specify type:. 0 Waie~ monii;:,ring 0 Vapor monitoring 

S. Is t.1ere free product present in the monitoring we!!$ or within the e;c:z:.raticr.? 

6. Were the p€troleum hydrcca:bon vaper leve!s in t."e ~ils greaier t.~2on 500 par.s per mil!ion for gasoline? 

Specify sample type: 0 Vapor MO!1noring wells 0 SCll !:3mple(s) 

7. Were the petroleum hyclrc:arbon va;:>or leve:s in the ~!!s greater than 50 pa~ per million for dieseVKerose~e? 

SW-ify sample type: 0 Vapor l~or.~orinQ ~i1s 0 Sci! sample{s) . 

5. Were the analytical labora:c:y results d the ground wa!er sarnp!e{s) greater t'-:.:.n the allowable s'.2:.e target levels? 
(See target levels on reverse side cf t:-::s ferm a1i'_Su;::piy laboratory ca:a she-ets) , 

9. It a l!Sed o~ s:or2oge s,s'.em, did a viS"Jal jr.s;:-ec:ior.. de:ect a,-.y dis.:dcred soil incicating. a release? 

10. Are any potable wells loca:ed .... ~:.in 'I, of a m~e radius d tM facility'? No longer in service. 
". Is there a surface .... -a:er body wiL~in VI r.:ile radius r:;! the site? II yes, indicate d:s:a,ice: 100 ft 



-_ .. ---
. - - .. - -

I I~_, ~·:"':!'=~I -I 
I ~~~ 

:=~-'--'"- I 

'
-.. """00......... _"" Ie -- IF......; r.:or .... t 

------

A de-..a:"led cfZI.I,.ing or sk:;t;:h d t:ie Ia:::irt'j that ircuc'-es the s:cr.age s;~ 1CC<.~=t'~ mcrto;-;r:g W?":$. ~~C:n9S. S:Or.71 crc.ir'S. ~pie !ca:::~"..s, 
C!1d disper.ser \cx::$cr.s must a.::o::mp2nY ~ fc0"''- . 

It a icc~ r.a.s a pc,l,.:':cnt s:Df"2ge ta'1k sjS:e!71 ti"'z :-:-c:.S b:Jth c~-.ine a.-,c l<..e;.:-sc~e:'·::esei sored C<1 st2. bo~'1 ~?A MeT.od &.1"'2 arld Er=A M::;-,cx:j 
610 r.1t.:St be per.c("ij""...:;d er. ~e ground ..... C!~ s::..7.::>.es c~::rcl . .. -. . 
A~C'.Ji!t .. q. sciis re~ ar,d re--...ei;::t d pro~.:r cis~· . 

If yes is 2IiSWere-d to ~""?-oni d qUest:or.s 5-9. 2 a.s:::.~aJge Re~r,g ~r.TI 1T-751,So:O(1) ir.dc:::.5ng a s:..:spec.e-d reea.<:e S"oall be s:..:=:r..ir.ed 
to tile Oe::arlfile:.t within one WJrk:;-y d~. 

A co~ d tt"tS form a:-.d a"i a:.;crJ":"lerrt:; mus: be s:.::rr-.itted to ~e De~ar.t's c':sXt c:ifce in yocr area ar.d to the 1c:.a!ly acmir;is:e·red ~(C
£::r:.r.1 if.~ l..-:der cor;uact y,-?;;j the De~-;;T.ert ~-::-U~ 5::) Cc]-s d c:x:"\~:e::::::r: d :z.-.I< re7.cval Cf f.:::::g a lao'1k ..... ~ ail inert r.:a:::"icJ. 

Sig:-aJra d C-..r.-.:( . Date 

__ .---",-~~~. fl1.L....!.-.l.. .:~ / \. J/; %/90-' 
_ :... -;-, De-:c Sigr.zt..lre d Perso"'\ Pef.¢rm~,g As:ses:s"7l::r:t 

Tec-~",~' ,-" .. J Lec-A 
. I de d Pe'"SCrl F~:::;0'i'-.g ~ 

S• t G . d ,,.,/ - ...J L I - ~ "., .... A ~a.e -iUlJ~ nater laig=-. eve,s I nC!. AIie-... ~ 

Pollutant &ci2ge Tank System C!CSUiB Assessment 

Sze gr;;xr,d ~r ~ l~..s a."e as t:il:::>ns: 
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Appendix C-I 

BASIS OF DESIGN 

The purpose of this Remedial Action Plan (RAP) is to present a plan for 
remediation of petroleum contamination at the Facility 325, CSS Panama City, 
Panama City, Florida, in accordance with the requirements of Chapter 62-770, 
Florida Administrative Code (FAC). Implementation of the RAP will include the 
following tasks: 

vacuum enhanced extraction of free product, and limited extraction of 
groundwater, treatment of mixed fluids at the oily waste collection and 
treatment system; 

vacuum enhanced extraction of soil vapor, and treatment of soil vapor; 

installation of necessary piping for a future potential aquifer air 
sparging system; and 

groundwater monitoring. 

Based on the field data and laboratory analytical results, as presented in the 
Contamination Assessment Report (CAR) and CAR Addendum, site conditions are as 
follows. 

Groundwater depths range approximately from 5to 7 feet below land surface (bls). 
Groundwater flow direction near the site is generally to the east towards the St 
Andrew Bay. The calculated average hydraulic gradient in the surficial aquifer 
is 8. 74xlO- 3 feet per foot (ft/ft). Slug test results indicate an average 
horizontal hydraulic conductivity (K) of 21.1 ft/day. The calculated pore water 
velocity (v) is 0.74 ft/day. 

CSS Panama City is underlain by three water bearing zones. These zones include 
the water-table aquifer, the secondary artesian aquifer, and the Floridan aquifer 
system. The water table aquifer is comprised of highly permeable quartz sands 
with scattered lenses of clayey sands and sandy clays. It ranges in thickness 
from 65 to 145 feet. The Floridan aquifer system is separated from the 
overlying aquifers by semi-confining beds within the Intracoastal Formation. It 
is hydraulically connected with the overlying strata in this area. It has been 
estimated that the thickness of the potable zone of the Floridan aquifer ranges 
between 250 feet and 1,000 feet in Bay County (Causey, and Leve, 1976). 

Contamination associated with the free product is reported as confined to small 
pockets and would be dealt with through a monitoring and recovery program. The 
estimated volume of free product based on free product thickness observations on 
April 27, 1996 is about 500 gallons . 

C-l 



Contamination associated with the soil is confined between 2 ft bls to 6 ft bls 
(location of the water table) and has an estimated volume of 3000 cubic yards. 
Technologies selected for soil treatment should allow implementation of free 
product monitoring and recovery program. 

Contaminants associated with groundwater are confined within about 25 feet below 
the groundwater table (based on the groundwater quality at the deepest monitoring 
well MW-16D). Contaminants including TVOA, total naphthtalenes and TRPH are 
anticipated to be naturally attenuated. 

Soil vapor extraction and free product recovery and limited groundwater 
extraction will be implemented simultaneously using a liquid ring pump via vacuum 
enhanced extraction. The total fluids including free product and groundwater will 
be discharged in the oily waste collection and treatment system located on base. 
The hydrocarbon vapors will be treated by using Granular Activated Carbon filters 
installed on site. Once the free product monitoring and recovery program 
indicates absence of free product, and SVE vapor concentrations reach asymptotic 
levels, installation of aquifer air sparging wells will be evaluated. 

The evaluation may lead to one of two decisions: 

If the evaluation indicates that installing an AAS system is economical 
for reducing TVOA concentrations in groundwater, the AAS wells will be 
installed and hooked up to a compressor of the designed size. The AAS 
system installation will be completed within 4 weeks after approval of the 
decision. Time of cleanup of soil and groundwater (if required) is 
estimated as two years. 

If the evaluation indicates that the groundwater TVOA concentrations may 
be attenuated through natural processes of degradation then the 
installation of an AAS system is not warranted. Time of cleanup of soil 
and groundwater (if required) will be less than two years. 

The system will be monitored weekly for the first month, monthly for the 
remainder of the first year, and quarterly rest of the operation years. 
Groundwater is proposed to be monitored only for the indicator chemicals of 
concern (including BTEX, and total naphthalenes). Once soil cleanup is completed 
(verified based on persistence of the asymptotic levels of vapor concentrations) , 
groundwater will be monitored quarterly for one year and the site will be 
proposed for a "No Further Action". 
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NT: SOUTHNAVFACENGCOM 

C-3 
Appendix C-II 

Soil Boring Logs 

LOG of WELL: CSS-325-5 BORING NO. N/A 

PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/28/92 I COMPL TO: 09/28/92 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 7.90 FT. 

LOGGED BY: P. Wagner 
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CASE SIZE: 2" SCREEN INT.: 5-15 

MONITOR INST.: OVA TOT DPTH: 15FT. 

WELL DEVELOPMENT DATE: 09/28/92 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Grayish orange pink, medi\lll-grained, moderately sorted. 

SAND: Mottled dark gay and medium light gray, very tine- 10 line- graneCl, 
moderately sorted. 

SAND: Grayish orange to medium light gray, tine- to medium-gained, poorly 
sorted. I-inch clay lense, damp. 

SAND: Pale Yellowish brown. medium-gained, weu sorted, salurated. 

As above. 
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TITLE: C55 PANAMA CITY 
LOG of WELL: C55-325-6 BORING NO. N/A • 

CLIENT: 50UTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection. Inc. DATE STARTED: 09/28/92 I COMPLTD: 09/28/92 

METHOD: 4.25" 1.0. H5A 

TOC ELEV.: 7.63 FT. 

LOGGED BY: P. Wagner 
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CASE SIZE: 2" SCREEN INT.: 5-15 

MONITOR INST.: OVA TOT DPTH: 15FT. 

WELL DEVELOPMENT DATE: 09/28/92 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

I SAND: very pale orange, medilJn-grained, moderately sorted. 

I SAND: Grayish orange piM, medilJn-grained, moderately sorted. 

I SAND: Grayish orange piM, medilJn-grained, well sorted. 

I SAND: Grayish orange, meCium-grained, moderately sorted, damp, slight 
petroleum odor. 

2.0/2 I G.C. I SAND: browrish gay, medilJn-grained, well sorted, wet, petroleum Odor. 
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C-5 

CSS PANAMA CITY 
LOG of WELL: CSS-325-7 BORING NO. N/ A 

SOUTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/29/92 I COMPL TO: 09/29/92 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 7.54 FT. 

LOGGED BY: P. Wagner 
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CASE SIZE: 2" SCREEN INT.: 5-15 

MONITOR INST.: OVA· TOT DPTH: 15FT. 

WELL DEVELOPMENT DATE: 09/29/92 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: very pale orange. medium-grained, well sorled. 

As abOve. 

As above. 

As above. 

SAND: Brownish gray, medium-gained, well sorled, wei, sli!1l1 petroleum 
odor. 
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C-6 

TITLE:CSS PANAMA CITY I 
LOG of WELL: CSS-325-8 BORING NO. 58-2 • 

CLIENT: SOUTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 07/28/94 I COMPL TO: 07/28/94 

METHOD: 10" 0.0. HSA 

TOC ELEV.: 9.78 FT. 

LOGGED BY: J. Koch 
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CASE SIZE: 4" SCREEN INT.: 2-12 

MONITOR INST.: OVA TOT DPTH: 12FT. 

WELL DEVELOPMENT DA TE: 07/28/94 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: light gray, medium gray, blown, fine- to medium-gained. 

3,100 I A~ above. 
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TITLE: C55 PANAMA CITY 

50UTHNAVFACENGCOM 

C-7 

LOG of WELL: C55-325-9 BORING NO. 58-7 

PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 07/29/941 COMPLTD: 07/29/94 

METHOD: 10" 0.0. HSA 

TOC ELEV.: 9.77 FT. 

LOGGED BY: J. Koch 
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CASE SIZE: 4" SCREEN INT.: 2-12 

MONITOR INST.: OVA TOT DPTH: 12FT. 

WELL DEVELOPMENT DATE: 07/29/94 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: MedilJl1 Drown to light gay, line- to meCium-grianed. 

SAND: Light gray to dark gray, fine- to medilJl1-grained with gravel. 
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C-8 

TITLE: C55 PANAMA CITY T LOG of WELL: C55-325-10 BORING NO. 58-8 

CLIENT: 50UTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED:07/30/94i COMPLTD: 07/30/94 

METHOD: 10" 0.0. H5A 

TOC ELEV.: 10.03 FT. 

LOGGED BY: J. Koch 
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CASE SIZE: 4~' SCREEN INT.: 2-12 

MONITOR INST.: OVA TOT DPTH: 12FT. 

WELL DEVELOPMENT DATE: 07/30/94 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Lighl gray, red, black, tine- 10 medium-graired, some clay (lOX). 

SAND: As above, petroleum odor. 
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ITLE; CSS PANAMA CITY 

CLIENT: SOUTHNAVFACENGCOM 

C-9 

I LOG of WELL: CSS-325-11 BORING NO. 58-17 

PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection. Inc. DATE STARTED: 09/26/95 I COMPL TO: 09/26/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 9.52 FT. 

LOGGED BY: J. Koch 
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CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/26/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Light blown to medium gray. tine- to medium-grained. some clay (10%) I' 
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TITLE: C5S PANAMA CITY 

CLIENT: 50UTHNAVFACENGCOM 

C-10 

LOG of WELL: C55-325-12 BORING NO. N/A • 

PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/26/95 I COMPL TO: 09/26/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 9.12 FT. 

LOGGED BY: J. Koch 
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CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/26/95 

SAND FILL 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

GRAVEL FILL: 1- to 1.5-inch diameter stones. light gray to medilJrl gay, some 
sand 
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TLE: CSS PANAMA CITY 1 LOG of WELL: CSS-325-13 BORING NO. N/ A 

CLIENT:SOUTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection. Inc. DATE STARTED: 09/27/95 I COMPL TO: 09/27/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 8.92 FT. 

LOGGED BY: J. Koch 
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CASE SIZE: 2" SCREEN INT.: 4-14 I PROTECTION LEVEL: 0 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/27/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Light Drown to tight gray. fine- to medilJrl-graired. well sorted 
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C-12 

TITLE: CS5 PANAMA CITY T 
LOG of WELL: C55-325-14 BORING NO. N/ A Ie 

I CLIENT: 50UTHNAVF ACENGCOM PROJECT NO: 7520.31 I 
CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/27/95 I COMPL TO: 09/27/95 

METHOD: 4.25" 1.0. H5A 

TOC ELEV.: 6.84 FT. 

LOGGED BY: J. Koch 
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CASE SIZE: 2" SCREEN INT.: 2-12 

MONITOR INST.: OVA TOT DPTH: 12FT. 

WELL DEVELOPMENT DATE: 09/27/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Lighl brown to li(11l gray. fine- to meoillll-graineO. well sorleo 
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tlITLE: CSS PANAMA CITY 

SOUTHNAVFACENGCOM 

C-13 

I LOG of WELL: CSS-325-15 

CONTRACTOR: Groundwater Protection. Inc. DATE STARTED: 09/27/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 9.56 FT. 

LOGGED BY: J. Koch 
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CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/27/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Light Drollo to light gray. line- to medillll-grained. lIell sorted 
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C-14 

TITLE: CSS PANAMA CITY I 
LOG of WELL: CSS-325-16D BORING NO. N/A • 

CLIENT: SOUTHNAVF ACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/28/95 I COMPL TO: 10/01/95 

METHOD: HSA, Mud Rotary 

TOC ELEV.: 9.56 FT. 

LOGGED BY: J. Koch 
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CASE SIZE: 2"; 6" SCREEN INT.: 25-30 

MONITOR INST.: OVA TOT DPTH: 30FT. 

WELL DEVELOPMENT DATE: 10/16/95 

SAND FlLL . 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

GRAVEL: 1- to l5-inch diameter stones, li!11t gray to medium gray, some 
sand, petroleum odor. 

As above. 

As above, with fiberglass remains of the underground storage tanks 

As above. 

SAND: Light gray to medium gay. fine- to coarse-grained. sli!11t petroleum 
odor. 

As above. 

SAND: Light gray. fine- to coarse-grained, no odor. 

SAND: Medium gay, fme- to coarse-grained, no odor. 

As above. 

CLAYEY SAND: Medium gray. fine- to coarse-grained. no 000r. 
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C-15 

ITLE: CSS PANAMA CITY I LOG of WELL: CSS-325-17 BORING NO. N/A 

rCLIENT:SOUTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/28/95 I COMPL TO: 09/28/95 

METHOD: 4.25" J.D. HSA 

TOC ELEV.: 6.86 FT. 

LOGGED BY: J. Koch 

J: UJ 
.... ,..: LABORA TOR Y ii' 
fu u. SAMPLE IO. ?i 
o III 
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10-

15-

120-

>a: 
UJ 
:> 
o 
U 
UJ a: 

UJ 
U ... -
Q.. E 
III 0. 
00. ... -
UJ 
J: 

GC 

CASE SIZE: 2" SCREEN INT.: 2-12 

MONITOR INST.: OVA TOT DPTH: 12FT. 

WELL DEVELOPMENT DATE: 09/28/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: light Drown to tight gray, fine- 10 meoilJn-graired. weU sorled 
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PROTECTION LEVEL: D 

OPTH TO ~ 2.74 FT. 
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C-16 

TITLE: C55 PANAMA CITY 
LOG of WELL: C55-325-18 BORING NO. N/ A I • 

CLIENT: 50UTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/28/95 I COMPLTD:09/28/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV,: 9.68 FT. 

LOGGED BY: J. Koch 

:r lJJ 
I-- ,...: LABORA TORY ~ 
tb u.. SAMPLE !D. ~ 
Cl Ul 
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>-
0: 
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lJJ 
U .. -a.. E 
Ul 0. 
Cl 0. .. -
lJJ 
:r 

GC 

CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/28/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: light brown to light gray, fine- to meoiun-grained, well sorted 
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SITE: 325 

Ul 
Ul .. 
-' u BLOWS/6-IN 
-' 
(3 
Ul 

SP 

<[ 

I--
<[ 

Cl 
-' 
-' 
lJJ 
~ 

mr 

H 

.\=1 

bl., 

C 

PAGE 1 of 325MW-18 ABB EN~VJRONMENT AL SERVICES. INC. 

i 

• 



TITLE: CSS PANAMA CITY 

LIENT:SOUTHNAVFACENGCOM 

C-17 

I LOG of WELL: CSS-325-19 BORING NO. NI A a 

PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection. Inc. DATE STARTED: 09/29/95 I COMPL TO: 09/29/95 

METHOD: 4.25" J.D. HSA 

TOC ELEV.: 10.10 FT. 

LOGGED BY: J. Koch 

:I: UJ 
~ ~ LABORATORY ~ 
UJ lJ.. SAMPLE ID. ~ 
CJ (f) 
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GC 

CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/29/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Light Drown to tight gray, line- to mediun-grained. well sorted 
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C-18 

TITLE: C55 PANA~1A CITY I 
- LOG of WELL: C55-325-20 BORING NO. 58-29 • 

CLIENT: 50UTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09129/95 I COMPLTD:09/29/95 

METHOD: 4.25" 1.0. H5A 

TOC ELEV.: 10.24 FT. 

LOGGED BY: J. Koch 

I UJ 
..... ,....: LASORA TORY ~ 
it u. SAMPLE ID. ~ 
o !fl 
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GC 

CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DA TE: 09/29/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: light brown to white, line- to medium-gained. 
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ITLE: CSS PANAMA CITY 

CLIENT:SOUTHNAVFACENGCOM 

C-19 

J LOG of WELL: CSS-325-21 BORING NO. N 1 A 

PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection. Inc. DATE STARTED: 09/29/95 I COMPL TO: 09/29/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 9.42 FT. 

LOGGED BY:J. Koch 

J: UJ 
I- . LABORATORY iC 
~ t;: SAMPLE !D. ~ 
o tn 
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CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/29/95 

SAND FILL 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Light brown to light gray. fine- to medi\JII-grained. well sorted 
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C-20 

I LOG of WELL: C55-325-22 BORING NO. N/A • 

CLIENT: 50UTHNAVF ACENGCOM PROJECT NO: 7520.31 

TITLE: CS5 PANAMA CITY 

CONTRACTOR: Groundwater Protection. Inc. DATE STARTED: 09/29/95 I COMPL TO: 09/29/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 9.53 FT. 

LOGGED BY: J. Koch 

J: UJ 
t- ....: LASORA TORY ~ 
e:; u. SAMPLE 10. ~ 
o Vl 
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GC 

CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/29/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Light brown to li{1lt gray. tine- to medi\lll-grained, well sorted 
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C-21 

ITLE: CSS PANAMA CITY 1 LOG of WELL: CSS-325-23 BORING NO. N/A 

CLIENT:SOUTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection. Inc. DATE STARTED: 09/29/95 I COMPLTD: 09/29/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 9.88 FT. 

LOGGED BY: J. Koch 

r UJ 
I- ,...: LASaRA TORY ~ 
~ u. SAMPLE 10. ~ 
o Ul 
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GC 

CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/29/95 

SAND FILL 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: light brown to light gray. tine- to meClilJll-graineCl. well sorteCl 

u 
(;....J 
00 
....Jill 
O~ 
r~ 

::Ul 
....J 

, .......... . . : .. : ... . 
. ::.- .. . 

'::.' 

PROTECTION LEVEL: 0 

DPTH TO i 4.57 FT. 

SITE: 325 

Ul 
Ul 
.0: 
....J 
U BlOWS/6-IN 
....J 

(5 
Ul 

I SP 

SP 

<I 
I
<I 
o 
....J 
....J 
UJ 
~ 

:~:I i 

~. 
L 

PAGE 1 of 325MW-23 ASS ENVIRONMENTAL SEBVJCES, INC. 



C-22 

I LOG of WELL: C55-325-24 BORING NO. N/A • 

CLIENT: 50UTHNAVFACENGCOM PROJECT NO: 7520.31 

TITLE: C55 PANAMA CITY 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/30/95 1 COMPL TO: 09/30/95 

METHOD: 4.25" 1.0. H5A 

TOC ELEV.: 8.80 FT. 

LOGGED BY: J. Koch 

J: W 
I- ,....: LABORA TORY ~ 
:t u. SAMPLE ro. ~ 
o (fl 
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CASE SIZE: 2" SCREEN INT.: 2-12 

MONITOR INST.: OVA TOT DPTH: 12FT. 

WELL DEVELOPMENT DATE: 09/30/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Light brown to li!1lt gray, line- to meOi\J1l-graineo, well sorted 
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C-23 

: CSS PANAMA CITY I LOG of WELL: CSS-325-25 BORING NO. N/ A 

CLIENT: SOUTHNAVF ACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/30/951 COMPLTD:09/30/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 10.73 FT. 

LOGGED BY: J. Koch 

:I: W 
..... ,...: LASORA TORY a: 
~ u. SAMPLE 10. ?i 
Cl (/I 
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CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/30/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Light brown to li(tlt gray. fine- to medilJll-grained. well sorted 

u 
i!j...J 
00 
...JaJ 
0% 
:I:>-
::(/1 
...J 

.. 1 

. ':,',>. 

I" .' 

PROTECTION LEVEL: 0 

oPTH TO ~ 5.10 FT. 

SITE: 325 

(/I 
(/I 
« 
...J 
U SLOWS/6-IN 
...J 

0 
(/I 

SP 

« ..... ... 
Cl 
...J 
...J 
W 
~ 

~ 

, 
, 

Ii 

b 

L..2. 

PAGE I of 325MW-25 ABB ENVIRONMENTAL SERVICES. INC, 

i 



C-24 

TITLE: CSS PANAMA CITY 
LOG of WELL: CSS-325-26 BORING NO. N/A • 

CLIENT: SOUTHNAVFACENGCOM PROJECT NO: 7520.31 I 
CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 09/30/95 I COMPLTD:09/30/95 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 10.81 FT. 

LOGGED BY: J. Koch 

J: UJ 
.... ,..: LASORA TORY ~ 
~ u.. SAMPLE !D. ~ 
D 1Il 
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CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/30/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: light brown, fine- to medium-grained. well sorted 
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C-25 

ITLE: C55 PANAMA CITY 1 LOG of WELL: C55-325-27 BORING NO. N/ A 

rCLIENT:50UTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection. Inc. DATE STARTED: 09/30/951 COMPLTD:09/30/95 

METHOD: 4.25" 1.0. H5A 

TOC ELEV.: 10.44 FT. 

LOGGED BY: J. Koch 

:I: UJ 
>- ...: LASORA TORY ~ 
lb u.. SAMPLE 10. ?i 
c:J ttl 
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CASE SIZE: 2" SCREEN INT.: 4-14 

MONITOR INST.: OVA TOT DPTH: 14FT. 

WELL DEVELOPMENT DATE: 09/30/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Lighl brown. tine- 10 medium-grained. well sorled 
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C-26 

TITLE: C55 PANAMA CITY 
LOG of WELL: C55-325-28 BORING NO. N/A • 

CLIENT: 50UTHNAVFACENGCOM PROJECT NO: 7520.31 

CONTRACTOR: Groundwater Protection, Inc. DATE STARTED: 10/01195 I COMPL TO: 10/01195 

METHOD: 4.25" 1.0. HSA 

TOC ELEV.: 9.88 FT. 

LOGGED BY: J. Koch 

J: W 
.... ~ LASORA TOR Y ~ 
~ u. SAMPLE ID. ~ 
o U'l 
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CASE SIZE: 2" SCREEN INT.: 3-13 

MONITOR INST.: OVA TOT DPTH: 13FT. 

WELL DEVELOPMENT DATE: 10/01/95 

SOIL/ROCK DESCRIPTION 
AND COMMENTS 

SAND: Light brown. tine- to meQum-grainell. well lorted 
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APPENDIX D 

DESIGN CALCULATIONS 

Appendix 0-1 
Appendix 0-11 
Appendix 0-111 
Appendix O-IV 
Appendix O-V 
Appendix O-VI 

SVE Vacuum Pump Sizing 
Soil Cleanup Time Estimate 
AAS Compressor Sizing 
AAS Cleanup Time 
Total Fluids Cleanup 
Vapor Treatment System 



• 

• APPENDIX D-I 

SVE VACUUM PUMP SIZING 

• 



Appendix 0-1 

Soil Vapor Extraction - Vacuum Pump Sizing 

•

emedial Action Plan 
oastal Systems Station, Facility 325, Panama City 

Panama City, Florida 
Enginee~ KGK . ~ ___ Date~ __ 05/16/96 Checked B"'y: 

a. Flow Rate· 

A 
H 
V 
n 
v 
Q 

Plan View Area of Soil with OVA readings> 10 ppm 
Vertical extent of excessively contaminated soil 
Bulk Volume 
porosity 
Pore Volume 
air flow rate re Quired to maitnatin 1 Rare volume 

b; Maximum PossibleFlow>Rate· ... 

k intrinsic permeability of soil 
u viscosity of air 
P w absolute pressure at extraction well 
P Atm absolute ambient pressure 
R w radius of vapor extraction well 

.: .. '." 

R i radius of influence of vapor extraction well 
conversion [ftfcm = 

QfH flow rate per unit thickness 
H thickness of zone of soil contamination 
Q flow rate 

30.72 J 

21111.11 ft" 2 
4.00 ft 

84444.44 ft" 3 
0.25 

21111.11 ft" 3 
14.66 cfm 

<,':' .......... ; .. ," ... 

k1 k2 

Figure. 3-2 
Table 3-1 

assumed 

1.00E -08 1.00E -07 cm" 2 slug tests 
1.80E-04 1.80E-04 g/cm-s constant 
8.00E+05 8.00E+05 g/cm-s" 2 assumed 
1.01E+06 1.01E+06 g/cm-s" 2 constant 

5.12 5.12 cm constant 
35.00 35.00 ft assumed 

1075.20 1075.20 cm 
15.51 155.15 cm"3/s calculated 

122.88 122.88 cm Table 3-1 
1906.44 19064.36 cm" 3/s calculated 

conversion [(cm "3fs)/cfm = 0.0021 J 4.0395267 40.395267 cfm 

•
use a flow rate that is maximum of 
I Qa Based on an air flow of one pore volume pe r day 
Qb1 Based on an intrinsic permeability of 1 Darcy (k1) 

14.66 cfm 
4.04 cfm 
40.4 cfm 

• 

Qb2 Based on an intrinsic permeability of 10 Darcys (k2) 

Hence practical ran ge of flow rate is 4.04 cfm to 40.4 cfm 
Use the maximum cfm for the purposes of selection of a pump. 

Number SVE Points 

A plan view area 
Ri radius of influence 
N number of SVE points 

Use 5 SVE points 
Q t total flow rate 

Vacuum Pump Selection 

Required flow rate 

45 cfm 

21111.111 ft" 2 
35 ft 

5.48 

225 cfm 

225 cfm 

Use One Model A300 Fluid-Vac liquid ring vacuum pump close coupled to a 20 HP, 
230/460/3/60 explosion proof motor. 300 acfm, 0-22 inches Hg vacuum 

D-1 

assumed 



04/24/96 15:20 FAX 2038668218 ATLANTICFLUIDICS ~OOJ 

atlantic fluidics, inc. 21 South Street. Souttl Norwalk. CT 06854 

Aprtl 24. 1996 
(203) 853·7315, Fax: (203) 86&-8218 • 

Mr. Oopi Kanchibhatli 
Date: ABB Envtronmental Savices 
Reference: 2591 Executive Ctr Circle East 

Tallahas:see. FL 32301 

Dear Gopi. 

FAX# 904 877-0742 

We are pleased to offer our proposal as follows: 

One Model A200 Fluid-Vac® dual extraction soil venting package consiSting of 
Model A200 PlUld-Vac UquJu J'lug vacuum pump in ~t iron COD5truction. 
close coupled to 15 HP, 1160 RPM, 208-230/460/3/60 explosSon proof motor, 
including 120 gallon stainless steel seal reservoir tank With fianged cleanout 
access, seal water flow control, Y-stra1ner, make up valve. external noat 
switch in full length s1ght tube, and 1nlet strainer, completely piped and 
mounted on steel baseplate. 

Pr1ce: $9.326.00 

1. Electrical controller. including on-off push button. motor starter, overload 
protection and control transformer in NEMA 7 enclosure completely piped and 
wired and mounted on stainless steel tank .. 

Price addition: $2,866.00 

2. Dual phase extraction. including transfer pump activated by liquid level • 
switches close coupled to 3/4 HP. 3450 RPM. 208·230/460/3/60 explosion 
proof motor, rated 30 GPM at 50 It head. fully piped and Wired on an extended 
baseplate. 

Price addition: $1,644.00 

3. A1r cooled heat exchanger driven by 3 HP, 1140 RPM. 208·230/460/3/60 
explosion proof mtor, fully piped and mOWlted on an extended baseplate. 

Price addition; $3,031.00 

4. Demisting pad mounted in flanged assembly on stainless steel tank for 
removal of up to 99% of entrained liquid in dischar~ed vapor. 

Price addition: $646.00 

Shipment: 5-6 weeks from date of order. FOB Norwalk. CT 

Terms: Net 30 (subject to credit approval) 

~-~=.t ~7e/any furtb~ ~.~wnce. 

"~~yIr~. (--
JaLly --------

TERMS; NET 30 OAV$ 

SEE REVERSE SIDE FOR TERMS AND CONDITIONS 
. D-2 
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,·MODEL . A 200 
~" , 

Liquid Ring Vacuum Pumll._' --. . ' '. 1 
Featul8S: 
• AxIal flow ... ptOvide8 highest 

VIICUIMn of ""y single sfIIge liquid tIng 
VIICUIMn pump. 

, • Poww ,.."..,.",.,.t,s .,. COMtant ov., 
c . , 
Co) 

240 
220 
200 
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~ 140 
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(J 100 
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?= 60 
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lull VIICUUIJII'llng& 

• 0IbtsndIng liquid handling t:IfPIIdty. 
• Compact close coupled design. . 
• flJl1N, AmedctJn. 
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20 
lS 
tl 
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~ 0 I , '.' 5 10 15 18 20 21 22 23 24 25, 28 27 28 29 30 

WATER CONSUMPTION 
0.10" Hg.-6 GPM 
10·25" Hg.-8 GPM 
Over 25n Hg.-10 GPM 

VACUUM - IN. HG 

NOTES: 
Performance corrected for GO°F seal water 
'and 30 in. Hg barometer. 
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features: 

performance: 

construction: 

Rugged Simplified Construction - all components are designed 
tor 24 hourper day continuous service under the most demand
ing industrial conditions. 

High vacuum characteristics· - Exclusive axial flow design per
mits efficient operation in the full vacuum range from 0 to 29 
inches of mercury (760-25 Torr). 

Vibrationless operation - No special foundations required. 

Low Maintenance - No metal-to-metal contact between .rotating 
and stationary elements. 

Environmentally clean - No oil used for lubrication or sealing. 
No oil vapor discharge to atmosphere. 

Advanced Design - Employs mechanical seal and 0 Ring gas
kets for zero leakage. 

Constant Power - Power requirements are constant over the 
full vacuum range. Non-overloading. 

Model 

AiD 1'h 15 15 151 1S 
A 15 :: 22 22 22 22 
A20 3 34 ~ 34 I 34 

1750 RPM 

A75 5 72 72 74 74 

A 100 7'11 100 102 102 102 

4'30 10 125 125 ,25 125 
_L..... -~-

"25 RPM 

1S 13 

20 16 

32 26 

72 65 
100 86 
118 ~S 

- -

10 

13 

18 

45 

eo 
&5 

Weitlht 
(lb.) .pproJ[. 

55 
60 

BO 

leo 
195 

250 

A200 r 151230 I 230 I 230 I 230 I 220 1190 I 135 I 560 

Dry IIr perlllrTnmot 011:1 QI .... ;u" on lrr.inllQ<lO WZlIf II 1II"f. I .. ofMII1e ",.,,,,,ro-Su ~:-Z'13l· "0. 
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·0 

... :.:; .... >11 . 

• 

• 

operation: 

_an ~g\/I 

The Atlantic liquid ring vacuum pump consists of a shrouded 
rotor rotating freely within an eccentric casing. There is no metal
to-metal contact between the rotor· and 'he casing. Centrifugal 
force acting on liquid within the pump causes the liquid to form 
a ring inside the casing. A fixed port cylinder concentric with 
the rotor directs the gas into the suction ports. Gas is trapped 
between the blades by the liquid pistons formed by centrifugal 
force as the liquid recedes from the port cylinder. It is trapped 
at the pOint of maximum eccentricity and is then compressed by 
the liquid ring as it is forced radially inward toward the central 

. port cylindeL After each revolution the compressed gas and ac
companying liquid are discharged. 

During the pumping cycle the gas is in intimate contact with the 
sealing liquid and compression is nearly isothermal. When han
dling saturated vapor-gas mixtures the liquid ring acts as a con
denser, greatly increasing the effective capacity of the pump . 

0-5 

~OO-l 
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The Ruid-Vac pump is not just another 
liquid ring vacuum pump • 
All Fluid-Vac systems are designed around liquid 
ring vacuum pumps engineered and manufactured 
by Atlantic Ruidies. Because of an advanced axial 
flow design our liquid ring vacuum pumps are the 
only pumps that can start floodep, handle up to 30 
gpm of water, and use contaminated ground water 
as a seal fluid and still give a constant air flow and 
an ultimate vacuum of 29" Hg. 

Fluid-Vac soil remediation systems are entirely 
engineered and manufactured by Atlantic Fluidics 
specifically for remediation applications. The high 
vacuum capabilities of the Ruid-Vac system 
enhance the removal of both vapor and liquid 
phase contaminants from the ground with a single 
piece of equipment 

Atlantic Ruidics has been supplying liquid ring 
vacuum pumps for remediation applications since 
'979. We developed the Fluid-Vae system in 1988 
to overcome the problems of engineering and 
assembling a liquid ring pumping system on site. 
Our years of experience in this industry have 
enabled us to overcome all of the obstacles usually 

. associated with the application and use of this 
technology for remediation. 

The Fluid-Vac system comes factory tested and 

ready for field installation. 

II F\uiO-V~ i;. ~ hdcmIWt< 01 AUendc FluidicI. ~. 

0-6 

Standard equipment 
• Fluid-Vac pump and motor 
(TEF~ or explosion proof) 

• Stainless steel reservoir/separator tank 
• Low level switch 
• Flow control valve 

I 

• Sight glass 
• Inlet strainer 
• Isolation valve 
• Vacuum gauge 
• Pressure gauge 
• Completely piped, wired. and mounted 

on a steel baseplate 

Accessories 
• Electrical controller with NEMA 4 or 

NEMA 7 panel, overload protection. • 
motor starters, on/off/reset buttons. and 
transformer completely wired 

• Transfer pump and level controls mounted, piped. 
and wired to electrical controller 

Optional equipment 
• Mist eliminator -

To remove entrained moisture from the air stream 

• Air cooled heat exchanger -
For locations with high ambient temperature 

• Interlock cable for telemetry system -
For easy field installation 

• 
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A200 SIMPLEX SOIL REMEDIATION PACKAGE SPECIFICATIONS 
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atlantic fluidics~ inc. 21 South Street, South Norwalk, CT 06854 

(203) 853·7315, Fax: (203) 866·8218 

May 3, 1996 

Oats: Mr. Gobi Nchibhala 
Reference:ABB Environmental FAX# 904 877-0742 

Dear Gobi, 

It was a pleasure talking with you this morning. Per our cODversation, I 
am enclosing some information about the seal water temperatures effect 
on the performance of ow- liquid ring vacuum pumps. The chart is based 
on our 5 HP pump rated at 75 CFM. 

As well I am enclosing performance curves on our Model A200 and A300 
vacuum pumps and dimensional outline drawings of our systems. 

The price of these l'WDpS is as follows: 

One Model A200 Fluid-Vac® liquid ring vacuum pump in cast 
iron constnIction, close coupl~d to a 15 HP. 230/460/3/60 
explosion proof motor. 

. Price: $5,243.00 

One Model A300 F1uid-Vac liquid ring vacuum pump in cast 
iron construction. close coupled to a 20 HP, 230/460/3/60 
explosion proof motor. 

Price: $6.332.00 

After you have reviewed the information please let me know if you have 
any other questions. We welcome the opportunity to work with you and 
your company. 

~y, 

Robert H. 
RHH:ly 

TERMS: NET 30 DAYS 

SEE REVERSE SIDE FOR TERMS AND CONDITIONS 
0-8 
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Calculated Dry Air Capacity - CFM 

Vac·u·urn 'in ·r·nc·he·s· ·Kg. 
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60 74 74 71 65 ,45 

70 73 72 67 59 40 
0 
I 

80 71 68 63 52 39 CD 

90 69 62 57 42 ·27 

100 . 67 58 49 31 

110 66 49 39 

120 61 31 

130 41 

~ . '. • .. ,- ... 

2'8' .·S II 

30 

25 

19 

(;) 
en 
"
(;) 

c..o 
"
CID 
CJ) 

.... 
(;) 

... 
c.o 

2 
N 
(;) 

c.o 
CIO 
CJ) 
CJ) 

CIO 
N .... 
CIO 

> 
'"i 
!: 
~ ..... 
(') 
"OJ 
r 
t::: ..... 
t! -(') 
Vl 

t§l 
(;) 

o 
to) 



05/03/96 )..9. :_~.:J.._ FA~ .. 20~~668218 ATLANTICFLUIDICS .... __ ..... . '-', . flI 003 

~~MODEL ·A200 .... . 

Uquid Ring Vacuum I'um .... ,,_ ....... 
• • . ' _'H _. • " • I 

Features: . 
• AxJ.IIIDw dJ pi pro,," J hitiI-t ' 

....,. of ~."",. .,... a,uitI ling . 
~pump. 

• PowrIr ,..., •• _.15 .,. CClfBc.nt".,., 
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220 
200 
180 
160 

:i 140 
u-120 U 100 
I 80 
~ 60 
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20 
15 
10 
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WATER CONSUMPTION 
0.10H Hg.-6 GPM 

Z5 o 5 10 1S 18 20 21 22 23 24 2S 26 27 28 29 30 

VACUUM - IN. HG 

10-25" Hg.-B GPM 
Over 25" Hg.-10 GPM 

".",. A 

I 284 30Y2 

-, 
16%. 

B 

I 
c 

8 7 

NOID' 
Performance corrected for 60°F seal water 
and 30 in. Hg barometer. 

~.~ · , 1 . 
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I 
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I 
F ~tl 

18% 5'12 9V2 560lb 

atlantic fluidics. Inc. 
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-Model A 300 
Liquid Ring Vacuum PumR. __ aq 

Features: 
• Axial flow design pro"ides highest vacuum 

at any single sClge liquid ring pump • Outstanding liquid handling capacity 
• Powe,. requirements are constant • Compact dose coupled design 

o"er full "acuum range • 100% American 

WATER CONSUMPTION 
0-10" Hg. - 6 GPM 
10-25" Hg. - a GPM 
Over 25" Hg. - 10 GPM 

5.5-t:SJ 
9.29 

I.. ]2.41--~ 

18.) 

!IQ I sa:::::;;;;;;;: 

'J4Q! "' 

.. I '\ , 
~ :i \ 1 ~ '1 
~ ,. I r ~ .... c:. ......... ••• " ~ . . ............ . u : t ..... _..............'D 

D·1L _____________ .... _______________ .... __ .... _______________ -L--J 

o IQ I' It to ~, ~J ., ~. lJ 21 17 11 J9 JD 

Vacuum-IN, HG 

NOTES: 

i 
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Performance corrected for 60° F seal water 
and 30 in. barometer. 

J- 33.75 -I 

9,69 --t 

-i 
en 
:;j 

.5 
~ 

~ 
.S atlantic fluidics, inc. 

...... ------ 21 South Street, South Norwalk, CT 06854 

________________________ J' ~ 

(203) 853-7315 F~2b1a) 866-8218 



A200 SIMPLEX SOIL REMEDIATION PACKAGE SPECIFICATIONS 
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SOIL CLEANUP TIME ESTIMATE 
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Appendix 0-11 

Soil Vapor Extraction 
Cleanup-Time Estimate 

An estimation of the time to recover vadose zone contamination was performed with the aid of the computer 
program "VENTING". This program estimates the rates of hydrocarbon recovery from the unsaturated zone 
by vacuum extraction based on methods described by Johnson et al (1990a, b). VENTING uses the 
following differential equation to describe change in mass with time: 

Where 

dMj 

cit 
-0 C, 

Mj is the total number of moles of component i in the soil 
a is the total gas flow rate through the contaminated zone 
C1 is the molar concentration of. component i in the gas phase 
t is the time 

To solve this equation, VENTING uses the following weighted implicit difference equation: 

pV 
1-(1-~)0 j t1t 

Where 

Mt+ At = RTM~ 
pr t1t 

1 + ~ 0 RTM~ 

Mjt+~t is the total number of moles of compound i at time t + dt 
u is the time-weighing factor 
p jV is the vapor pressure of compound i 
R is the gas constant 
T is the absolute temperature in the soil-water system 
M/ is the total moles of all compounds in the soil at time t 
~t is the change in time 

The total mass after time t, is determined by summing the concentrations of all of the compounds. 

VENTING input parameter values are listed in this Appendix include the following: 

Air flow rate 
Spill Mass 
Venting period 
Temperature 
Spill composition file 
Minimum time step 
Maximum time step 
Frequency of printout 
Time weighing factor 

0-14 



Biodecay factor 
Venting efficiency factor 

The air flow rate, Q, is the volume of gas under standard temperature and pressure conditions (STP) 
pumped per unit time from the venting system which passes through the contaminated zone. Since a large 
portion of the air flow will pass through clean soil, a site-specific air flow correction factor (typically between 
0.1 to 0.5) will be multiplied to the anticipated flow rate. Venting allows the air flow rate to be input directly 
or calculated from the radial single well flow equation. In the latter case, air permeability is needed which 

. can be input directly or estimated from a field gas flow test. 

Spill mass is the total mass of hydrocarbon present in the soil at the time the in situ vacuum system begins 
operation. Since the predicted removal time for a given compound will be proportional to its mass, 
uncertainty in removal time will be proportionate to the uncertainty in spill mass. The estimated mass of 
hydrocarbons in the vadose zone soil is calculated in Appendix A-I. 

The venting period is the total duration of the simulation. 

The temperature of the soil-gas system in the zone of contamination must be input for the model. Normally· 
this would correspond to ambient soil conditions unless consideration is being given to hot air or other 
thermalization methods. 

Three (3) spill composition files are available with the program, one library file, one fresh gasoline and one 
weathered gasoline file. The content of these files are presented in Johnson et al (1990, a,b). New files 
containing site-specific chemical data may be created from the library file. 

Minimum time step is the initial step employed in the finite difference solution of the mass balance equation. 

• 

The maximum time step employed is the maximum time step employed by the finite difference solution • 
which will normally adjust the time step automatically subject to the imposed minimum and maximum 
constraints. 

The frequency of printout parameter is designed to minimize the volume of output. VENTING will OUTPUT 
information on the total hydrocarbon remaining in the soil at every time step but will write details of the 
compositional breakdown only at the frequency prescribed by this parameter. 

The time weighing factor is a constant which the authors recommend between 0.5 and 1.0. 

The Biodecay factor imposes simultenous reduction in contamination due to biological degradation. A factor 
of 1.0 indicates 100 percent biological degradation, and a factor of 0 indicates zero percent biodegradation. 

The Venting efficiency factor accounts for the placement of the venting wells over the area of contamiation. 

Assumptions of this model include: 

Equilibrium partitioning between the gas and residual organic liquid 
Homogeneous and isotropic vadose zone 
Vapor phase behavior as an ideal gas 
Proportion of mass which is dissolved into soil moisture or adsorbed is negligible. 

A Practical Approach to the Design, Operation, and Monitoring of In Situ Soil-Venting Systems, by P.C. 
Johnson, C.C. Stanley, M.W. Kemblowski, D.L. Byers, and J.D. Colthart, Ground Water Monitoring Review, • 
Vol X No.2, Spring 1990, pp 159. 0-15 
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2701 RAMBLE ROAD, SUITE 2 

BLACKSBURG, VA 24062, U.S.A. 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + 

TITLE: FACILITY 325 

TOTAL MASS OF SPILL .20560E+04 [kg] 
AIR FLOW RATE = .89718E+07 [L7day] 
TEMPERATURE = .20000E+02 [c] 
STARTING TIME STEP .10000E-04 [days] 
MAXIMUM TIME STEP .10000E+02 [days] 
TOTAL SIMULATION TIME = .36000E+03 [days] 
TIME WEIGHTING FACTOR = .10000E+01 [ - ] 
EFFICIENCY FACTOR = .50000E+00 [ - ] 
BIODECAY EFF. FACTOR = .OOOOOE+OO [ - ] 
SOIL VOLUME = .23912E+04 [m'" 3] 

• FRAC. ORGAN I C CARBON = .60000E-03 [ - ] 
VOL. WATER CONTENT = .10000E+00 [ - ] 
BULK DENSITY = .17225E+01 [g/cm"'3] 
AIR FILLED POROSITY = .25000E+00 [ - ] 

SPECIES MOL. -1- VAP - 1 - BOILING- I-SOLUB 
WEIGHT PRESSURE TEMP ILITY 

grn/mole atm deg. c mg/L 

3-methylpentane .8620E+02 .2000E+00 .6400E+02 .1300E+02 
2-methylpentane .8620E+02 .2100E+00 .6000E+02 .1400E+02 
n-hexane .8620E+02 .1600E+00 .6870E+02 .1300E+02 
benzene .7810E+02 .1000E+00 .8010E+02 .1780E+04 
toluene .9210E+02 .2900E-01 .1110E+03 .5150E+03 
ethylbenzene .1062E+03 .1120E-01 .1362E+03 .1520E+03 
o-xylene .1062E+03 .7000E-03 .1440E+03 .1750E+03 
napthalene .1282E+03 .1400E-03 .2180E+03 .3300E+02 
1-methylnaphthalene .1422E+03 .5000E-04 .2446E+03 .2500E+02 
2-methylnaphthalene .1422E+03 .5000E-04 .2410E+03 .2700E+02 

SPECIES SPECIES WELL GAS EQUIL. GAS SPECIES MASS 

- 1 -

.64 

.64 

.87 

.13 

.49 

.14 

.89 

.17 

.74 

.79 

MASS CONCEN. . CONCEN. PER SOIL MASS 
[g] [g/m"'3 ] [g/m"'3 ] [mg/kg] 

emethY1Pentane .8224E+05 .OOOOE+OO .OOOOE+OO .1997E+02 
methylpentane .1439E+06 .OOOOE+OO .OOOOE+OO .3494E+02 

-hexane .1234E+06 .OOOOE+OO .OOOOE+OO .2995E+02 
benzene .3084E+06 .OOOOE+OO .OOOOE+OO .7488E+02 
toluene .3084E+06 .OOOOE+OO .OOOOE+OO .7488E+02 
ethylbenzene .3084E+06 .OOOOE+OO .OOOOE+OO .7488E+02 
o-xylene .3084E+06 .OOOOE+OO .OOOOE+OO .7488E+02 

D-16 
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napthalene .2262E+06 
l-methylnaphthalene .1234E+06 
2-methylnaphthalene .1234E+06 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 
HYDROCARBON MASS PER SOIL MASS 

SPECIES 

3-methylpentane 
2-methylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
o-xylene 
napthalene 
l-methylnaphthalene 
2-methylnaphthalene 

SPECIES 

SPECIES 
MASS 

[g] 

.8224E+05 

.1439E+06 

.1234E+06 

.3084E+06 

.3084E+06 

.3084E+06 

.3084E+06 

.2262E+06 

.1234E+06 

.1234E+06 

GAS 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.0000 [days] 
= .20560E+04 [kg] 
= .11745E+03 [kg] 
= .15817E+04 [kg] 
= .93321E+02 [kg] 
= .27006E+03 [kg] 
= .49917E+03 [mg/kg] 

WELL GAS 
CONCEN .. 
[g/mA 3] 

.1548E-03 

.2803E-03 

.1900E-03 

.2274E-03 

.8521E-04 

.3757E-04 

.2890E-05 

.OOOOE+OO 
;OOOOE+OO 
.OOOOE+OO 

EQUIL. GAS 
CONCEN. 
[g/mA 3] 

.3096E-03 

.5606E-03 

.3800E-03 

.4548E-03 

.1704E-03 

.7514E-04 

.5780E-05 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

SPECIES MASS [g] IN 
OIL WATER 

3 -methylpentane .1859E+05 .5806E+05 .1349E+03 
.2501E+03 
.2067E+03 
.6017E+05 
.1893E+05 
.5490E+04 
.6681E+04 
.8555E+03 
.2951E+03 
.3131E+03 

2-methylpentane .3361E+05 .9995E+05 
n-hexane .2279E+05 .8895E+05 
benzene .2743E+05 .1713E+06 
toluene .1020E+05 .2197E+06 
ethylbenzene .4464E+04 .2489E+06 
o-xylene .2949E+03 .2631E+06 
napthalene .4835E+02 .2157E+06 
l-methylnaphthalene .8723E+Ol .1089E+06 
2-methylnaphthalene .8567E+Ol .1070E+06 
******************************************** 

end of initial conditions 
******************************************** 

TIME 2.0000 [days] 
TOTAL MASS OF HYDROCARBON .13075E+04 [kg] 
TOTAL MASS IN VAPOR PHASE .52973E+02 [kg] 
TOTAL MASS IN OIL PHASE = .10037E+04 [kg] 
TOTAL MASS IN WATER PHASE = .73190E+02 [kg] 
TOTAL MASS IN SOLID PHASE .27607E+03 [kg] 
CHANGE IN HYDROCARBON MASS FOR TIME STEP .12764E+02 [%] 
CUMULATIVE CHANGE IN HYDROCARBON .36404E+02 [%] 
HYDROCARBON MASS PER SOIL MASS .31745E+03 [mg/kg] 

SPECIES SPECIES 
MASS 

[g] 

WELL GAS 
CONCEN. 
[g/mA 3] 

EQUIL .. GAS 
CONCEN. 
[g/mA 3] 

0-17 

.5491E+02 

.2995E+02 

.2995E+02 

• 
SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.1997E+02 

.3494E+02 

.2995E+02 

.7488E+02 

.7488E+02 

.7488E+02 

.7488E+02 

.5491E+02 

.2995E+02 

.2995E+02 

SOLID 

.5672E+04 

.1052E+05 

.1172E+05 

.5289E+05 

.6039E+05 

.5005E+05 

.3872E+05 

.9681E+04 

.1425E+05 

.1619E+05 

• 

• SPECIES MASS 
PER SOIL MASS 

[mg/kg] 



3-methylpentane 
2-methylpentane 

•

exane 
zene 

luene 
ethylbenzene 
o-xylene 
napthalene 
l-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

.7704E+04 

.1299E+05 

.1501E+05 

.9280E+05 

.1736E+06 

.2320E+06 

.3021E+06 

.2251E+06 

.1232E+06 

.1232E+06 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

SPECIES 

3-methylpentane 
2-methylpentane 
n-hexane «zene 

uene 
ylbenzene 

o-xylene 
napthalene 
l-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

SPECIES 
MASS 

[g) 

.5145E+03 

.8411E+03 

.1313E+04 

.2388E+05 

.8576E+05 

.1599E+06 

.2937E+06 

.2234E+06 

.1229E+06 

.1229E+06 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

SPECIES SPECIES 
MASS 

[g] 

3-methylpentane .OOOOE+OO 
2-methylpentane .OOOOE+OO 
n-hexane .OOOOE+OO 
benz·ene .2769E+04 

4Iluene .2422E+05 
hylbenzene .7680E+05 
xylene .2759E+06 

napthalene .2197E+06 
l-methylnaphthalene .1223E+06 
2-methylnaphthalene .1223E+06 

0-18 

.2056E+Ol 

.3556E+Ol 

.3302E+Ol 

.8854E+Ol 

.6801E+Ol 

.4219E+Ol 

.3740E+00 

.6669E-Ol 

.1150E-Ol 

.1118E-Ol 

.4111E+Ol 

.7111E+Ol 

.6605E+Ol 

.1771E+02 

.1360E+02 

.8438E+Ol 

.7480E+00 

.1334E+00 

.2300E-Ol 

.2235E-Ol 

= 4.0000 [days) 
= .10351E+04 [kg) 
= .17132E+02 [kg) 
= .73256E+03 [kg) 

.42042E+02 [kg) 
= .25434E+03 [kg) 
= .51990E+Ol [%) 

.49654E+02 [%) 

.25131E+03 [mg/kg) 

WELL GAS EQUIL. GAS 
CONCEN. . CONCEN. 
[g/m .... 3) [g/m .... 3 ) 

.1122E+00 .2243E+00 

.1871E+00 .3742E+00 

.2377E+00 .4755E+00 

.1750E+Ol .3499E+Ol 

.2754E+Ol .5508E+Ol 

.2499E+Ol .4998E+Ol 

.3206E+00 .6413E+00 

.6236E-Ol .1247E+00 

.1031E-Ol .2061E-Ol 

.9921E-02 .1984E-Ol 

= 7.7500 [days) 
= .84403E+03 [kg) 
= .66692E+Ol [kg) 
= .57535E+03 [kg) 
= .28108E+02 [kg) 

.23573E+03 [kg) 

.43977E+Ol [%) 

.58948E+02 [%) 
= .20492E+03 [mg/kg) 

WELL GAS EQUIL. GAS 
CONCEN. . CONCEN. 
[g/m .... 3] [g/m .... 3) 

.3006E-02 .6012E-02 

.4839E-02 .9678E-02 

.8902E-02 .1780E-Ol 

.2198E+00 .4395E+00 

.8802E+00 .1760E+Ol 

.1407E+Ol .2814E+Ol 

.3604E+00 .7208E+00 

.7760E-Ol .1552E+00 

.1245E-Ol .2491E-Ol 

.1190E-Ol .2379E-Ol 

.1871E+Ol 

.3154E+Ol 

.3644E+Ol 

.2253E+02 

.4214E+02 

.5632E+02 

.7335E+02 

.5464E+02 

.2990E+02 

.2990E+02 

SPECIES MASS 
PER SOIL MASS 

[mg/kg) 

.1249E+00 

.2042E+00 

.3188E+00 

.5798E+Ol 

.2082E+02 

.3881E+02 

.7130E+02 

.5425E+02 

.298-4E+02 

.2984E+02 

SPECIES MASS 
PER SOIL MASS 

[mg/kg) 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.6722E+00 

.5879E+Ol 

.1865E+02 

.6699E+02 

.5334E+02 

.2969E+02 

.2970E+02 



TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 
CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

SPECIES 

3-roethylpentane 
2-roethylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
o-xylene 
napthalene 
1-roethylnaphthalene 
2-roethylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR .PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

SPECIES 
MASS 

[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.8794E+02 

.2409E+04 

.1705E+05 

.2356E+06 

.2098E+06 

.1207E+06 

.1208E+06 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

= 16.1875 [days] 
= .70653E+03 [kg] 

.24114E+01 . [kg] 

.46263E+03 [kg] 

.21213E+02 [kg] 

.22080E+03 [kg] 
= .30882E+01 [%] 
= .65636E+02 [%] 
= .17154E+03 frog/kg] 

WELL GAS EQUIL. GAS 
CONCEN. . CONCEN. 
[g/ro"'3] [g/ro"'3] 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.7404E-02 .1481E-01 

.9625E-01 .1925E+OO 

.3541E+OO .7082E+OO 

.3555E+OO .7111E+OO 

.9060E-01 .1812E+OO 

.1441E-01 .2882E-01 

.1367E-01 .2733E-01 

= 33.7813 [days] 
= .58943E+03 [kg] 

.88071E+OO [kg] 
= .39040E+03 [kg] 

.17537E+02 [kg] 

.20529E+03 [kg] 

.28413E+01 [%] 

.71331E+02 [%] 
= .14311E+03 [mg/kg] 

SPECIES SPECIES WELL GAS EQUIL. GAS 

3-roethylpentane 
2-roethylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
o-xylene 
napthalene 
1-roethylnaphthalene 
2-roethylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

MASS 
[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.6894E+02 

.1317E+04 

.1657E+06 

.1878E+06 

.1171E+06 

.1174E+06 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

0-19 

CONCEN. CONCEN. 
[g/ro"'3] [g/ro"'3 ] 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.4404E-02 .8808E-02 

.4475E-01 .8950E-01 

.4152E+OO .8305E+OO 

.1411E+OO .2822E+OO 

.2347E-01 .4695E-01 

.2216E-01 .4432E-01 

53.7813 [days] 
.49335E+03 [kg] 
.69071E+OO [kg] 
.30537E+03 [kg] 
.15416E+02 [kg] 
.20472E+03 [kg] 
.22144E+01 [%] 
.76004E+02 [% ] 

= .11978E+03 [mg/kg] 

• 
SPECIES MASS 
PER SOIL MASS 

frog/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.2135E-01 

.5848E+OO 

.4139E+01 

.5719E+02 

.5095E+02 

.2931E+02 

.2934E+02 

• 
SPECIES MASS 
PER SOIL MASS 

frog/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1674E-01 

.3198E+OO 

.4023E+02 

.4560E+02 

.2843E+02 

.2851E+02 

• 



SPECIES SPECIES WELL GAS EQUIL. GAS 

~ethYlPentane 
-methylpentane 

n-hexane 
benzene 
toluene 
ethylbenzene 
a-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

MASS 
[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.7069E+02 

.1063E+06 

.1614E+06 

.1125E+06 

.1131E+06 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

CONCEN. · CONCEN. 
[g/ro .... 3 ] [g/ro .... 3] 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.2687E-02 .5375E-02 

.3046E+OO .6091E+OO 

.1494E+OO .2987E+OO 

.2625E-01 .5249E-01 

.2461E-01 .4921E-01 

= 73.7813 [days) 
[kg] 
[kg) 
[kg) 
[kg) 
[kg) 

.41030E+03 
= .56841E+OO 

.20621E+03 

.12778E+02 

.20214E+03 
= .19076E+01 
= .80044E+02 

.99615E+02 

[% ) 
[%] 
[rog/kg) 

SPECIES SPECIES WELL GAS EQUIL. GAS 

~
methYlPentane 

ethylpentane 
~-hexane 

benzene 
toluene 
ethylbenzene 
a-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

time step reduced 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

MASS 
[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.6317E+05 

.1319E+06 

.1071E+06 

.1081E+06 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

SPECIES SPECIES 
MASS 

[g) 

4IlmethYlPentane .OOOOE+OO 
methylpentane .OOOOE+OO 

-hexane .OOOOE+OO 
benzene .OOOOE+OO 
toluene .OOOOE+OO 
ethylbenzene .OOOOE+OO 
a-xylene .5882E+05 

0-20 

CONCEN. · CONCEN. 
[g/m .... 3 ) [g/ro .... 3) 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.2148E+OO .4296E+OO 

.1636E+OO .3273E+OO 

.3046E-01 .6092E-01 

.2825E-01 .5649E-01 

= 82.7813 [days) 
.39809E+03 [kg) 

= .10718E+01 [kg) 
.OOOOOE+OO [kg) 
.22928E+02 [kg) 

= .37409E+03 [kg) 
.39119E+OO [%) 
.80638E+02 [%) 
.96651E+02 [rog/kg) 

WELL GAS EQUIL. GAS 
CONCEN. · CONCEN. 
[g/m .... 3 ) [g/ro .... 3) 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO . OOOOE+OO / 

.2117E+OO .4234E+OO 

SPECIES MASS 
PER SOIL MASS 

[rog/kg) 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1716E-01 

.2580E+02 

.3918E+02 

.2732E+02 

.2746E+02 

SPECIES MASS 
PER SOIL MASS 

[rog/kg) 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1534E+02 

.3201E+02 

.2601E+02 

.2625E+02 

SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1428E+02 



napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

.1253E+06 

.1064E+06 

.1075E+06 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

SPECIES 

3-methylpentane 
2-methylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
o-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

SPECIES 
MASS 

[g] 

."OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.4945E+05 

.1107E+06 

.1047E+06 

.1059E+06 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

. SPECIES 

3-methylpentane 
2-methylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
o-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

SPECIES 
MASS 

[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.3413E+05 

.8453E+05 

.1008E+06 

.1026E+06 

.3192E+OO 

.3558E-01 

.3110E-01 

.6385E+OO 

.7116E-01 

.6220E-01 

= 86.5313 [days] 
= .37073E+03 [kg] 
= .94245E+OO [kg] 
= .OOOOOE+OO [kg] 
= .20307E+02 [kg] 

.34948E+03 [kg] 

.77395E+OO [%] 
= .81969E+02 [%] 

.90008E+02 [mg/kg] 

WELL GAS EQUIL. GAS 
CONCEN. . CONCEN. 
[g/m"'3] [g/m"'3] 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.1780E+OO .3560E+OO 

.2819E+OO .5638E+OO 

.3499E-01 .6997E-01 

.3065E-01 .6130E-01 

94.9688 [days] 
.32201E+03 [kg] 

= .72007E+OO [kg] 
= .OOOOOE+OO [kg] 

.15812E+02 [kg] 

.30548E+03 [kg] 
= .13305E+01 [%] 

.84338E+02 [%] 
= .78180E+02 [mg/kg] 

WELL GAS EQUIL. GAS 
CONCEN. . CONCEN. 
[g/m"'3] [g/m"'3] 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.1228E+OO .2457E+00 

.2153E+OO .4306E+OO 

.3370E-01 .6739E-01 

.2967E-01 .5934E-01 

109.7946 [days] 
= .26350E+03 [kg] 
= .47165E+OO [kg] 
= .OOOOOE+OO [kg] 

.10798E+02 [kg] 
= .25223E+03 [kg] 

CHANGE IN HYDROCARBON MASS FOR TIME STEP .12450E+01 [%] 
CUMULATIVE CHANGE IN HYDROCARBON .87184E+02 [%] 

0-21 

.3043E+02 

.2584E+02 

.2610E+02 

• 
SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1201E+02 

.2687E+02 

.2541E+02 

.2572E+02 

• 
SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.8287E+01 

.2052E+02 

.2447E+02 

.2490E+02 

• 



HYDROCARBON MASS PER SOIL MASS 

ePECIES 

3-rnethylpentane 
2-rnethylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
o-xylene 
napthalene 
1-rnethylnaphthalene 
2-rnethylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

SPECIES 
MASS 

[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1848E+05 

.5375E+05 

.9439E+05 

.9688E+05 

= .63975E+02 [rng/kg] 

WELL GAS 
CONCEN .. 
[g/rn"'3] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.7216E-01 

.1485E+OO 

.3423E-01 

.3040E-01 

EQUIL. GAS 
CONCEN. 
[g/rn"'3] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1443E+OO 

.2970E+OO 

.6846E-01 

.6081E-01 

129.3185 [days] 
= .21523E+03 [kg] 
= .29141E+OO [kg] 

.OOOOOE+OO [kg] 
= .71465E+01 [kg] 
= .20779E+03 [kg] 

CHANGE IN HYDROCARBON MASS FOR TIME STEP = .10129E+01 [%] 
CUMULATIVE CHANGE IN HYDROCARBON .89532E+02 [%] 
HYDROCARBON MASS PER SOIL MASS = .52255E+02 [mg/kg] 

.PECIES SPECIES WELL GAS EQUIL. GAS 
MASS CONCEN. . CONCEN. 

[g] [g/m"'3] [g/m"'3] 

3-rnethylpentane .OOOOE+"OO .OOOOE+OO .OOOOE+OO 
2-rnethylpentane .OOOOE+OO .OOOOE+OO .OOOOE+OO 
n-hexane .OOOOE+OO .OOOOE+OO .OOOOE+OO 
benzene .OOOOE+OO .OOOOE+OO .OOOOE+OO 
toluene .OOOOE+OO .OOOOE+OO .OOOOE+OO 
ethylbenzene .OOOOE+OO .OOOOE+OO .OOOOE+OO 
o-xylene .8520E+04 .4381E-01 .8761E-01 
napthalene .3018E+05 .1098E+OO .2196E+OO 
l-rnethylnaphthalene .8662E+05 .4137E-01 .8273E-01 
2-rnethylnaphthalene .8992E+05 .3716E-01 .7432E-01 

TIME = 149.3185 [days] 
TOTAL MASS OF HYDROCARBON = .18323E+03 [kg] 
TOTAL MASS IN VAPOR PHASE = .19218E+OO [kg] 
TOTAL MASS IN OIL PHASE .OOOOOE+OO [kg] 
TOTAL MASS IN WATER PHASE .51064E+01 [kg] 
TOTAL MASS IN SOLID PHASE = .17793E+03 [kg] 
CHANGE IN HYDROCARBON MASS FOR TIME STEP .70142E+OO [%] 
CUMULATIVE CHANGE IN HYDROCARBON = .91088E+02 [%] 
HYDROCARBON MASS PER SOIL MASS .44485E+02 [rng Ikg] 

SPECIES SPECIES WELL GAS EQUIL. GAS 

e 

MASS CONCEN. . CONCEN. 
[g] [g/rn"'3] [g/m"'3] 

3-methylpentane .OOOOE+OO .OOOOE+OO .OOOOE+OO 
2-methylpentane .OOOOE+OO .OOOOE+OO .OOOOE+OO 
n-hexane .OOOOE+OO .OOOOE+OO .OOOOE+OO 
benzene .OOOOE+OO .OOOOE+OO .OOOOE+OO 

0-22 

SPECIES MASS 
PER SOIL MASS 

[rng/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.4487E+01 

.1305E+02 

.2292E+02 

.2352E+02 

SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.2068E+01 
".7326E+01 
.2103E+02 
.2183E+02 

SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 



toluene .OOOOE+OO .OOOOE+OO .OOOOE+OO 
ethylbenzene .OOOOE+OO .OOOOE+OO .OOOOE+OO 
o-xylene .3867E+04 .2088E-01 .4175E-01 
napthalene .1674E+OS .6394E-01 .1279E+00 
1-methylnaphthalene .7932E+OS . 3978E-01 .7955E-01 
2-methylnaphthalene .8330E+OS .3615E-01 .7230E-01 

TIME = 169.3185 [days] 
TOTAL MASS OF HYDROCARBON = .16085E+03 [kg] 
TOTAL MASS IN VAPOR PHASE = .13731E+00 [kg] 
TOTAL ,MASS IN OIL PHASE = .OOOOOE+OO [kg] 
TOTAL MASS IN WATER PHASE .39435E+01 [kg] 
TOTAL MASS IN SOLID PHASE .15677E+03 [kg] 
CHANGE IN HYDROCARBON MASS FOR TIME STEP .50117E+00 [%] 
CUMULATIVE CHANGE IN HYDROCARBON = .92176E+02 [%] 
HYDROCARBON MASS PER SOIL MASS = .39053E+02 [mg/kg] 

SPECIES SPECIES WELL GAS EQUIL. GAS 

3-methylpentane 
2-methylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
o-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

MASS 
[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1755E+04 

.9282E+04 

.7264E+05 

.7718E+05 

CHANGE IN HYDROCARBON MASS FOR TIME, STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

SPECIES SPECIES 
MASS 

[g] 

3-methylpentane .OOOOE+OO 
2-methylpentane .OOOOE+OO 
n-hexane .OOOOE+OO 
benzene .OOOOE+OO 
toluene .OOOOE+OO 
ethylberizene .OOOOE+OO 
o-xylene .7965E+03 
napthalene .5148E+04 
1-methylnaphthalene .6652E+05 
2-methylnaphthalene .7150E+05 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 

0-23 

CONCEN. CONCEN. 
[g/mA 3 ] [g/mA 3] 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.9475E-02 .1895E-01 

.3546E-01 .7092E-01 

.3642E-01 .7285E-01 

.3349E-01 . 6698E-01 

= 189.3185 
.14396E+03 

[days] 
[kg] 
[kg] 
[kg] 
[kg] 
[kg] 

= .10563E+00 
.OOOOOE+OO 
.32375E+01 
.14062E+03 
.38553E+00 
.92998E+02 

[%] 
[%] 
[mg/kg] = .34953E+02 

WELL GAS EQUIL. GAS 
CONCEN. CONCEN. 
[g/mA 3] [g/mA 3 ] 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.4300E-02 .8600E-02 

.1967E-01 .3934E-01 

.3336E-01 .6671E-01 

.3103E-01 .6205E-01 

= 209.3185 [days] 
.13037E+03 [kg] 
.86262E-01 [kg] 
.OOOOOE+OO [kg] 

= .27752E+01 [kg] 

.OOOOE+OO 

.OOOOE+OO 

.9388E+00 

.4063E+01 • .1926E+02 

.2022E+02 

SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.4261E+00 

.2253E+01 

.1764E+02 

.1874E+02 • 

SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1934E+OO 

.1250E+01 

.1615E+02 

.1736E+02 

• 



TOTAL MASS IN SOLID PHASE 
CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 

4ItYDROCARBON MASS PER SOIL MASS 

= .12751E+03 
.31484E+OO 

= .93659E+02 
= .31653E+02 

[kg] 
[%] 
[%] 
[mg/kg] 

SPECIES SPECIES WELL GAS EQUIL. GAS 

3-methylpentane 
2-methylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
o-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

MASS 
[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.3615E+03 

.28SSE+04 

.6091E+05 

.6624E+05 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

• 

CONCEN. . CONCEN. 
[g/m"'3] [g/m"'3] 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.1952E-02 .3903E-02 

.1091E-01 .2182E-01 

.3055E-01 .6109E-01 

.2875E-01 .5749E-01 

= 229.3185 [days] 
= .11890E+03 [kg] 
= .73575E-01 [kg] 

.OOOOOE+OO [kg] 
= .24471E+01 [kg] 
= .11638E+03 [kg] 
= .26854E+OO [%] 
= .94217E+02 [%] 
= .28868E+02 [mg/kg] 

SPECIES SPECIES WELL GAS EQUIL. GAS 

3-methylpentane 
2-methylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
o-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

MASS 
[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.1641E+03 

.. 1583E+04 

.S578E+05 

.6137E+OS 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

.PECIES 

3-methylpentane 

SPECIES 
MASS 

[g] 

.OOOOE+OO 

0-24 

CONCEN. . CONCEN. 
[g/m"'3] [g/m"'3] 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO 

.8858E-03 .1772E-02 

.6050E-02 .1210E-01 

.2797E-01 .S594E-01 

.2663E-01 .5326E-01 

249.3185 [days] 
.10889E+03 [kg] 

= .64616E-01 [kg] 
= .OOOOOE+OO [kg] 
= .21961E+01 [kg] 

.10663E+03 [kg] 

.23584E+OO [%] 

.94704E+02 [%] 
= .26438E+02 [mg/kg] 

WELL GAS 
CONCEN. . 
[g/m"'3] 

EQUIL. GAS 
CONCEN. 
[g/m"'3] 

.OOOOE+OO .OOOOE+OO 

SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.8777E-01 

.6932E+OO 

.1479E+02 

.1608E+02 

SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.3983E-01 

.3844E+OO 

.1354E+02 

.1490E+02 

SPECIES MASS 
PER SOIL MASS 

[mg/kg] 

.OOOOE+OO 



2-methylpentane .OOOOE+OO 
n-hexane .OOOOE+OO 
benzene .OOOOE+OO 
toluene .OOOOE+OO 
ethylbenzene .OOOOE+OO 
a-xylene .7446E+02 
napthalene .8782E+03 
1-methylnaphthalene .5108E+OS 
2-methylnaphthalene .5686E+OS 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 
CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

SPECIES 

3-methylpentane 
2-methylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
a-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

SPECIES 
MASS 

[g) 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

. 3379E+02 

.4871E+03 

.4678E+05 

.5268E+05 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

SPECIES SPECIES 
MASS 

[g) 

3-methylpentane .OOOOE+OO 
2-methylpentane .OOOOE+OO 
n-hexane .OOOOE+OO 
benzene .OOOOE+OO 
toluene .OOOOE+OO 
ethylbenzene .OOOOE+OO 
a-xylene .1534E+02 
napthalene . 2701E+03 
1-methylnaphthalene .4284E+05 
2-methylnaphthalene .4880E+05 

TIME 
TOTAL MASS OF HYDROCARBON 

0-25 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO . OOOOE+OO .OOOOE+OO • 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.4020E-03 .8040E-03 .1808E-01 

.3355E-02 .6710E-02 .2132E+OO 

.2562E-01 .5123E-01 .1240E+02 

.2467E-01 .4935E-01 .1380E+02 

269.3185 [days] 
.99976E+02 [kg] 

= .57817E-01 [kg] 
= .OOOOOE+OO [kg] 
= .19920E+01 [kg] 
= .97926E+02 [kg] 

.21102E+00 [%] 
= .95137E+02 [%] 

.24273E+02 [mg/kg] 

WELL GAS EQUIL. GAS SPECIES MASS 
CONCEN. . CONCEN. PER SOIL MASS 
[g/m"3] [g/ro"3] [mg/kg] 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.1825E-03 .3649E-03 .8205E-02 • 

.1861E-02 .3722E-02 .1182E+00 

.2346E-01 .4691E-01 .1136E+02 

.2286E-01 .4572E-01 .1279E+02 

289.3185 [days] 
.91926E+02 [kg] 
.52335E-01 [kg] 
.OOOOOE+OO [kg] 

= .18183E+01 [kg] 
.90055E+02 [kg] 
.19101E+00 [%] 
.95529E+02 [%] 
.22318E+02 [mg/kg] 

WELL GAS EQUIL. GAS SPECIES MASS 
CONCEN. . CONCEN. PER SOIL MASS 
[g/m"3 ] [g/ro"3 ] [mg/kg] 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.8281E-04 .1656E-03 .3724E-02 

.1032E-02 .2064E-02 .6558E-01 • 

.2148E-01 .4296E-01 .1040E+02 

.2118E-01 .4235E-01 .1185E+02 

309.3185 [days] 
= .84599E+02 [kg] 



TOTAL MASS IN VAPOR PHASE = .47705E-01 [kg] 
TOTAL MASS IN OIL PHASE = .OOOOOE+OO [kg] 
TOTAL MASS IN WATER PHASE = .16661E+01 [kg] E MASS IN SOLID PHASE = .82885E+02 [kg] 

GE IN HYDROCARBON MASS FOR TIME STEP = .17412E+OO [% ] 
UMULATIVE CHANGE IN HYDROCARBON = .95885E+02 [%] 

HYDROCARBON MASS PER SOIL MASS = .20540E+02 [mg/kg] 

SPECIES SPECIES WELL GAS EQUIL. GAS SPECIES MASS 

3-rnethylpentane 
2-rnethylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
a-xylene 
napthalene 
l-rnethylnaphthalene 
2-methylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

MASS 
[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.6961E+01 

.1498E+03 

.3923E+05 

.4521E+05 

~GE IN HYDROCARBON MASS FOR TIME STEP 
LATIVE CHANGE IN HYDROCARBON 

YDROCARBON MASS PER SOIL MASS 

CONCEN. . CONCEN. PER SOIL MASS 
[g/rnA 3] [g/rnA 3 ] [mg/kg] 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO ~OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.3758E-04 .7516E-04 .1690E-02 

.5724E-03 .1145E-02 .3637E-01 

.1967E-01 .3934E-01 .9524E+01 

.1962E-01 .3924E-01 .1098E+02 

= 329.3185 [days] 
= .77895E+02 [kg] 
= .43649E-01 [kg] 
= .OOOOOE+OO [kg] 

.15296E+01 [kg] 

.76322E+02 [kg] 
= .15931E+OO [%] 
= .96211E+02 [%] 

.18912E+02 [mg/kg] 

SPECIES SPECIES WELL GAS EQUIL. GAS SPECIES MASS 

3-rnethylpentane 
2-rnethylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
a-xylene 
napthalene 
l-rnethylnaphthalene 
2-rnethylnaphthalene 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 

MASS 
[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.8309E+02 

.3592E+05 

.4189E+05 

CHANGE IN HYDROCARBON MASS FOR TIME STEP 
4IfUMULATIVE CHANGE IN HYDROCARBON 

YDROCARBON MASS PER SOIL MASS 

SPECIES SPECIES 
MASS 

0-26 

CONCEN. . CONCEN. PER SOIL MASS 
[g/rnA 3] [g/mA 3] [rng/kg] 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.3175E-03 .6349E-03 .2017E-01 

.1801E-01 .3603E-01 .8722E+01 

.1818E-01 .3635E-01 .1017E+02 

= 349.3185 [days] 
.71751E+02 [kg] 
.40067E-01 [kg] 

= .OOOOOE+OO [kg] 
= .14068E+01 [kg] 
= .70304E+02 [kg] 
= .14624E+OO [%] 

.96510E+02 [%] 

.17420E+02 [mg/kg] 

WELL GAS EQUIL. GAS SPECIES MASS 
CONCEN. . CONCEN. PER SOIL MASS 



3-methylpentane 
2-methylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
a-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

SPECIES 

3-methylpentane 
2-methylpentane 
n-hexane 
benzene 
toluene 
ethylbenzene 
a-xylene 
napthalene 
1-methylnaphthalene 
2-methylnaphthalene 

[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.4608E+02 

.3290E+05 

.3881E+05 

SPECIES 
MASS 

[g] 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.2556E+02 

.3013E+05 

.3595E+05 

........... FINAL RESULTS .......... 

TIME 
TOTAL MASS OF HYDROCARBON 
TOTAL MASS IN VAPOR PHASE 
TOTAL MASS IN OIL PHASE 
TOTAL MASS IN WATER PHASE 
TOTAL MASS IN SOLID PHASE 
CHANGE IN HYDROCARBON MASS FOR TIME STEP 
CUMULATIVE CHANGE IN HYDROCARBON 
HYDROCARBON MASS PER SOIL MASS 

SPECIES 
GAS 

3-methylpentane .OOOOE+OO 
2-methylpentane .OOOOE+OO 
n-hexane .OOOOE+OO 
benzene .OOOOE+OO 
toluene .OOOOE+OO 
ethylbenzene .OOOOE+OO 
a-xylene .OOOOE+OO 
napthalene .1167E+OO 
1-methylnaphthalene .1806E+02 
2-methylnaphthalene .1865E+02 

SPECIES SPECIES 
MASS 

[g] 

3-methylpentane .OOOOE+OO 

0-27 

[g/m .... 3] [g/m .... 3] [mg/kg] 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

. OOOOE+OO .OOOOE+OO .OOOOE+OO • 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .. OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.1761E-03 .3521E-03 .1119E-01 

.1650E-01 .3299E-01 .7987E+01 

.1684E-01 .3368E-01 .9422E+01 

WELL GAS EQUIL. GAS SPECIES MASS 
CONCEN. . CONCEN. PER SOIL MASS 
[g/m .... 3] [g/m""3] [mg/kg] 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OO'OOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO ·.OOOOE+OO 

.O.OOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.9765E-04 .1953E-03 .6205E-02 

.1511E-01 .3021E-01 .7314E+01 

.1560E-01 .3120E-01 .8729E+01 

369.3185 [days] • = .66105E+02 [kg] 
.36831E- 01 [kg] 

= .OOOOOE+OO [kg] 
= .12948E+01 [kg] 
= .64773E+02 [kg] 

.13443E+00 [%] 

.96785E+02 [%] 

.16049E+02 [mg/kg] 

SPECIES MASS [g] IN 
OIL WATER SOLID 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 

.OOOOE+OO .2066E+01 .2338E+02 

.OOOOE+OO .6111E+03 .2950E+05 

.OOOOE+OO .6817E+03 .3525E+05 

WELL GAS EQUIL. GAS SPECIES ~ 
CONCEN. . CONCEN. PER SOIL MASS 
19/m .... 3] 

".~ 

[g 1m"" 3 ] [mg/kg] 

.OOOOE+OO .OOOOE+OO .OOOOE+OO 



2-rnethylpentane 
n-hexane 
benzene 
toluene 

•
ylbenzene 

'XYlene 
napthalene 
1-rnethylnaphthalene 
2-rnethylnaphthalene 

Total number of time steps 
Total number of iterations 

• 

• 
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AAS COMPRESSOR SIZING 
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APPENDIX D-IV 

AAS CLEANUP TIME 



• • Appendix 0-111· 

Aquifer Ai" Sparging Compressor Sizing 
Project: C~S Panama City, Facility 325, Panama City, Florida; RAP 
Date:~//J' / 'H~ Engineer: 1<-"1( 

Com pressor Sizing 
Determination of Air Injection Pressure 
Evan K. Nyer and Suthan S. Suthersan, Fall 1993 GWWR. pp 90 

The injection pressure necessary to initiate in situ air sparging should be able to overcome 
the following: 

1. The depth of water column at the point of injection 
2. The frictional losses in the system 

Checked By: 

3. The capillary entry resistance to displace the pore water; depends on the type of sediments 

The release pressure Pr depends on the type of geology, depth of injection, air distribution 
efficiency, and the frictional losses in the system. Release pressure has been found to 
be in the range of 2.3 feet of H20 (1 psO for every 3 feet of Hi for fine sands and 
every 5 feet of Hi for coarse gravel. 

Pi = Hi + PR 
H Depth to Point of Injection bls 
Hi Water Column above AAS point 
PR Release Pressure 
Pi 
Friction Lossess (assume 50%) 
Total Pressure 

Hence use 30 acfm, 25 psi compressor. 

25.00 ft 
19.00 ft 
19.17 ft of water 

--------::-,38::-:..-:-:17~ft of water 

19.08 ft of water ------:....:...:..=....:..... 
57.25 ft of water 
24.89 psi 

0-30 
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ENVIRONMENTAL 

SAASOOA 
I 
R 

FAX NO, 19413785218 p, 02 

DIVISION April 25, 1996 
ABB ENVIRONMENTAL SERVICES, INC. 
2591 Executive Center Circle E. 
Tallahassee. FL 32301 

A TIENTION: Mr. Gopi Kanchibhatli 

SUBJECT; Proposal for Air Sparging System 

PROPOSAL NO.: 7993 

Dear Mr. Kanchibhatli: I. 

Thank you for allowing us the opportunity to submit a proposal for the above mentioned equipment. 
The following is a cost breakdown for this equipment: 

WES Model SS-5040 Air Sparging System 
One (1) Ingersoll Rand T-30 Air Compressor (15 hp) with after cooler 
NEMA 3R enclosed motor starter with on/off control switch 
Rated for 25-40 acfin @ 15 psi 
80 gallon horizontal or vertical storag~ tank 
Inlet muffler/filter 
Pressure regulator 
3/4" PVC (Schedule 80) piping" 
'1 Year Extended Warranty for starter kit 
Oil coalescing 
Filter IR75CD 

TOTAL. COST ...................................................... $5,991.00 

The above prices are valid for a period of sixty (60) days from the date quoted. Taxes and shipping 
have not been included. Delivery can be made in three (3) weeks after receipt of your purchase 
order. All shipments are subject to WES Standard Terms and Conditions of sale which are 
incorporated herein by reference. If you have any questions regarding this proposal. please do not 
hesitate to contact me at (941) 371-7617. Thank you, again. for this opportunity. 

Sincerely, 

WES,JNC. 

~~~~ 
Mark A. Maus 
Account Specialist 

~~~ 
Mike Stevens 
Sales Representative Coordinator 

• Corporate Headquarters • 
6389 Tower Lane. Sarasota, Florida 34240. (941) 371·7617. Fax (941) 378·5218 

0-32 
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~ILVW c)~QI1:0 

AIR SPARGING SYSTEM 
<~ .. :~:.: 

W.E.S., I~c. ErwiRONMENTAl D~YisioN.~ES) MAN\JfACTURES A COMplETE liNE of ~iR 
spARGiNG SYSTEMS suiTAbLE fo~:i~E itt£ll~Jjdous ANd NON ... IiA.Z.ARdous lOCATiONS. 

THE SYSTEMS C~N bE eQuipp~.\~~rH Ei,!!~~;:.:mGENERATi\lE OR POSiTivE 
displACEMENT blOWER OR. AN '.'i~:.~CC>.MPRESSOR, dEpENdilliG ON AiRfloUl ~Nd PRESS\JRE 

REquiREMENTS. FO~L~SySrEMS lARGBi \THAN~~ 60 .. CfM., CONSULT W.E.S., INC. fOR dEsi(tN. 
'-:.. \ '\ ~ ~ \ 'L :, .(~EtA~"" \. 

;.: .. :,:~~~~:::i·. ~ ...... );,;~;1.:E":;. ~. >, .. ~ .. ~~ <" -'.. :\. . 
ST AND A~!?'Hf~~~~ RE S:: .. :<.'~: :~\ ~" 0 PTJ 0 N S: 

~~.~~:~~~. ~t ,:::£~~:~' ... ,.. :: 1 ~ ~. \ ~.. i.~;:::'~;.: .. .. 
~ .. 
• 

STEEl REi~f~~~Ed "iq'.§gillrlNG Ski~'::~:·. '>. ,t 1. ·tt:. f,ElEcmiCAl CONTROl PANEl 

BlOWER O;"'~pR~\\:~1 MOTO~·,:<-:,·. ''f4f~; . ~HiG~ PRESSURE SIiUT .. off 

ON/Off STA~~~~~X ir-i<'~ \\\) ',to HiGH TEMPERATURE Skur"'ofF 
INLET MufflERI~~~~;{.'.:.. ~~\""~;.~:.<~ ~~ .. ~ '., 4':'~1:;::' TEMPERATlJRE GAUGE 

t.~,~ "'::;"'~"".:. '. '., .',C; -, P G UGr-
:ei~)~.. ,;.~" •..• ".:,. '.:: ~;. (,. RBSURE A <:. 

l;.'.. ... , ;.,;". '. ~ ; • .L. '. Fl lUI ., :<f: I;~:~.".. '. , v, OW IT) ET E R 
~~~;;;. . .. ", ... :;:~~;i. ~ ~ : ~ " 

~- .. ~:~ " '1-.: .. MOTOR. HP UPGRAdE 
'#i-,;;!t.~ ... ,a; .'. '. Bl~i:i'~U> d 

. ~#~~~, "9~<;'~:~\\\ PR~~~i~~~~l:f ~AlvE 
~( '~, .f: 1 0 ~ \ .:; ;;. '--5 ,,:·M{\:· 'f ld ~. VI. .., __ ': '. ~E~;,.~. KNI 0 

#§~..l 1.·' <~~';"~'flR6SURt'}~'R~ULATOR 
f,~f:~;~j:-':'<'" ... , :;;'\\~>~ 0::( ,;,::\ 

. (~!:"" '>,\ , .' 
~;;~M6DEL StiOWN: 

55--501 0:;,",::' 

OPTIONS SHOWN: 
1. Electrical Control Panel 
5. Pressure Gauge 
6. Flow Meter 
9. System Manifold 

0-33 
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• PROCESS & INSTRUMENTATION 

• 

I 

VOLTAGE IN 

. I. 

. I 

/. 
~ 

j 

DIAGRAM· 

I ",r 

.:;::~~;~:;;' 

/.~!// ., "'f.d?~' 
: . i! i :~*1~-.r#~; . . 
;:~n ~"li~;' - ~ -. - -. ~. 

~\\ .. ': ~r;,,:;,'..;.: -.- - - .----, I . " ...., .' .... I 

~::~~::,~\ I 'r, 1 , .. ~ E<=t-:t I ." I " ~--, +A > *~ 

. " 

-·~:Ai-Te:R -GO'ciLER 

t t t t 
'J 1 .1 1 

TO AIR SPARGE WELLS 
FOUR WELLS SHOWN 

.:.'::~ . ,,;'~~":,":.",: .. ".': ~. 
AIR COMPRESSOR' ': .",;.:,. ~ " :. '. 

~'iJ:;.$" . ;t~::::#:, ';. ... :::~: : .. :.:.;.;>: ': 
':i$~#~W?-:~S:. 

=.t~:;.:~)~~~~ir.: AIR SPARGE .. ;;·~NIFOLD P~NEL 
( NOr: ,J.::' ·:·s"~· ("\ P T r. ';;'}' '. ';. . ,.:t.~ \ O. ,Wt::l..L·· .. -;;.v IvNAl;.·... . .... "',,!'.:': •. 

':~~:" ' .... : •• ::...;;,~ ':, •• o!o. '" •• ',. • 7', ..... ~ ..... . 

"::~f+O "'\\\\ (:"'~ 
AIR SP ARGING~"~::SYS.T·EMS 

... NOTE: PROCESS SHOWN WITH OPTIO'I\t~y~,:;,i';':! 
;., . 

; : ',:' 

LEGEND 

11;7 II ?~:~:rU~~£ ;~(C!J~~ORI ~ P~(SSvRr GAUG~ ~, 
I i I MOj~itl'( S~.·l,.I\AivR • I ~/. [3J SOLENCID mv£ 

II ~ S:MOFrjil-:ROITUNC VI-H( W AiR fLOW iUD!CATOR i 

Environrnenlol' 
Division 

6:JIt, 7TJr.;Jt .... "t· 
~TA. r.OI:i»A 1/~'41J 

r/f. ('1'1 17/· "J.' 

T I r,u (11'1 '''1l-:.}11I 
- ______ .. ___ -----i 
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AIR SPARGING SYSTEM 

ModEl: SS,)040 

• 
• .. 
• 
• 
• 
• 

O!lj£ (J) INGERSOU,RANd T .. }O AiR COMPRESSOR (1 5 Hp) wi AtrEncoolm 
NEMA}R ENcloSEd MOTOR·~·!SlAR1ER WiTH ON/Off CONTrlol SWiTCH 
RATEd fon 25 .. 40 ACFi·i:· @ 15 PSI 
80 ~~l HORizONTAl OR :\i~RTic~LiAi~ STORA(fE TANk 

:' i : ... ~::~~~:'::Co:-~. ~~\:.~!\:~~ 
INlET MufFl~n/Fihm .:; : >'~;:::-:<;'~;:~"~:,:~~;.;:: 

PRESSURE REGulATOR ;. ):.~: "~" '~f:;,g~~~~E;;:h"'";~' 
}/4" PVC <~.~.hi~80):··.~·i1?t~·G ~1:, .' PART NO. 

T"""""~ . \. "\'\ ;~ \.;. . -- tf.Jr~2·f?#F!. 
BAS E U N II ._.w·.·, .. , .. ~. ~ \ .... '" . . ':. sse 040 

... +:.;.~:::tu ... t.· ~ .• ~~~"::::':'.. • • .., .............. , • ... • • • ... .. ... • • • • , 

. ~~::::,,: .. :~~::~:.¢::~ :.;:~;~!.:;/~~*, "'~<"'.: >'::\ .:::; ,""". 
o PTI 0 N S· .. ,.,,,,,:;;!~. • <1'1~., ..... " \ " :. ~ ",':'" 

. · '<-(:~;::~; '~~~~~:1:'( ;~>'··::.,5,:::,<,,~~;·\.~~>J. 3; • 
1. 
2. 
}. 

4. 
'~. 

6. 
7. 
8. 

SkId ... '",~:'!_'" . "' ..... "': ". _" ':': " .. '.'. . (SEE SkId 
CONTROl PAN~ \~;~'-;" . 4t;~~'\\. . . . L: ',:: . . ~~:,.. . (Su ElECTRicAl 

HiC4~ PRESSURE";e.U.I~otl~SailT~H .'~ \.'.'~: "" .. {SEE PRESSURE SUliTC~ 
~:~~.~> .~a~:.· .', .:\: ... : •. 

HiQ~ TEMPERATUR~ee\JJ .. ofP'SWJTdi <:'.>..': .. 
~: ;;. . .. w~:.~~!~""· '," .'; ." 

SECTiON) 
SECTiON) 
SECTiON) 

T EMPERATURE GAUqh·i~'F. • .'"":- "",1:;;'. • • ;., ;,': '" •• '..... 

0 .. 100 PSI PRE:sSU,~t1~g~~Q::~~i~,.. • \~~:~:::~~<.~ "f';~:';:~~';:;:;~X::. • ••• 
FloUl M ElER (ROTAMEitfiJ • • • ~;,:~p~i. .. • • ; <;<:>:\:, "":~:':'~\'~,';;' . 

8044 

80~' 
8042 
8}68 . d "I'" .w...;~~ '-:. :: '.. ;.:: ·fu:\;·:~'·\ ... ·n·. 

. GAUqE Moul'im~q BOAR •.••.• Ij""<\." .~.~ :~: \ ... ' .. ' . .;~:. 
'f ld W II \,,~ ',,'i~: '" ~ ,.... ",~:;::'::':'?"" 9. MAI'\II 0 (PER E) ••.••• ·., '; .. :i;:~,' . \'.:;.\: ..... ;'; ...... "':,, . .' • 

..-f~.. ....... " ' ..... ',. • ..:.:.:.·.·.,...H.'·.~· . 

B' 12 . 
8~1' 

. 10. ExplosioN",PRoof UPGRAdE • ..;' ...... ;~ . (SEE·.'·~OTOR?tJP~~AdE SECTioN) 
MEdiANicAl PRESSURE REliEf V~l\IE . :.~~;;(;~;:::~ •.. '::::,:';:~:;: . "'::~'" 0; 8} 1.4 11. 

12. 
I }. 

SolEl'4oidYAlvE (1'401'4 E~plosioN"pRoof)' ~~''''. ... 'S~':.:;· .. . .-k.. B }B4 
SOlENoid VAlvE (ExplosioN .. pROOf) . . . ":~.1-~;~~" .. ~,' . '\; '. ~ '". 8' 8 5 

,/;~;~::,r~';'" .' 
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• Appendix 0 -IV 

A. (3f(jutidwater ConcEmtfatioris ..... October. 1995 . 

MWIO 

MW-1 
MW-2 
MW-4 
MW-5 
MW-6 
MW~8 
MWf-9. 
MW-10 
MW~12 
MW';;;15 . 
MW..:.f..17 
·MW~21·· 
MW-'-'23 
MW~26· 

Plume Avg. (shaded) 
Plume Maximum 

Benzene 

NO 
NO 
NO 
NO 
NO 

12;00 .. ' ... ...............••..• ~g:: .. 
1 ;op< .. . 

• 
TVOA 

2.40.·· ....... . 
2;70.·' . 
NO»···· 

20.00· .. 
.11.00>· 

5.46 
20.00 

-'! 

.~ .. : 

85.99 
151.00 

0-36 

KGK Checked By: 

277.44 
750.00 

TRPH 

m 
NO 
NO 
NO 
NO 
NO 

1.60 
8.30 

• 



Appendix D -IV· 

Aquifer Ai' Sparging - Groundwater lVOA Cleanup Time Estimate 
Project: CSS Panama City, Facility 325, Panama City, Florida; RAP 
Date: 05/17/96 Engineer: KGK . Checked By: 

by: Katherine L. Sellers and Robert P. Schreiber 
Camp Dresser and McKee Inc., Cambridge, MA 02142 

Assume "N" air spargers installed at depth 25 ft bls. Assume depth to water table being 6 ft bls. 
Use a radius of influence of 20 ft. 

N 
f 

d 
D 
r 
L 
SN 
v 
Vs 

Assume N spargers with 20 ft Roi 
fraction of the contaminant lume s ar ed 
Volume covered by the TVOA (50 ppb) plume 
Volume coverd b s ar ers use conical volume 
fraction of a 24 hr. day that the sparging is in operation (8hrs/day) 
contaminant diffusion coefficient in water 
average effective radius of the bubble 
diffusive distance around the bubble 
31r 
terminal velocity of the bubble 
volume of water in contact with the bubbles use conical volume 
Vs = 1/3 k i Roi" 2 H n 
k 
Roi 
n 
H 

20.00 

Q air flow rate assumed 
B f d (OIL) (SN) (H/v) (QNs) 

conversion of above 

179444.44 ft" 3 
3.73E+04 ft"3 

3.00 
614.40 cm 

0.25 

3.00 dimensionless 
0.21 dimensionless 

0.33 dimensionless 
1.00E-05 cm" 2/s 

0.20 cm 
0.20 cm 

15.00 cm-1 
25.00 cmls 

6.92E+08 cm" 3 

4831.84 cm "3 I s 
8.47E-09 s-1 

7.32E-04 d-1 

• 



• • Appendix D -IV 

KGK Checked By: 

C;>Cleartup.Rate for TVOA in Groundwater 
e(t 

t 
days 
0.00 

10.00 151.00 145.57 
50.00 145.57 135.30 

100.00 135.30 125.75 
150.00 125.75 112.68 
200.00 112.68 97.34 
250.00 97.34 81.06 
300.00 81.06 65.08 
350.00 65.08 50.37 

Cleanup Rate of TVOA 
160 I Airsparging 

,-.. 
-g, 140 
Q.. 
'-' 

§ 120 
.~ 

b 
c 100 
4) 

g 
o 
<.> so 

~ 
~ 60 

40 
100 

time (days) 
)00 

0-38 
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APPENDIX D-V 

TOTAL FLUIDS CLEANUP 
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DEPARTMENT OF THE NAVY 
COASTAL SYSTEMS STATION DAHLGREN DIVISION 

NAVAL SURFACE WARFARE CENTER 

6703 WEST HIGHWAY 98 

PANAMA CITY FL 32407-7001 

ABB Environmental Services 
Attn: Mr. Gopi Kanchibhatla 
Barkeley Building 
2590 Executive Center Circle East 
Tallahassee, FL 32301 

Dear Mr. Kanchibhatla: 

IN REPLY REFER TO: 

5090 
Ser 051E/090 

7 lI. Ali 'C ',~ 
f!~. I' I,,~ J 

This letter is in reply to 'your request for written approval for 
use of the Oil Water Separator (OWS) , facility #318, at the 
Coastal Systems Station (NSWCCSS). 

Petroleum contaminated ground water pumped from sites #278 and 
#325 at NSWCCSS may be brought to the #318 OWS. As each tank of 
groundwater becomes ready for processing, please call the Public 
Works service desk at (904) 234-4390, to arrange for the OWS 
operator to conduct a field screening test and operate the OWS. 

In the event that the field screening test indicates 1000 PPM or 
greater of chlorinated hydrocarbons, all pumping operations shall 
be stopped. Bechtel shall arrange for a rebuttal laboratory 
analysis. Pumping operations shall not continue until further 
disposal instructions are given by NSWCCSS. 

The NSWCCSS points of contact are Mr. Bill Logsdon, Code 051EBL, 
at (904) 235-5474, or Mr. Mike Clayton, Code 051EMC, at (904) 
235-5859. 

Sincerely, 

~ ~ 
Lieutenant Commander, u.S. Navy 
By direction of 
the Commanding Officer 

0-39 
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APPENDIX D-VI 

VAPOR TREATMENT SYSTEM 



• Appendix 0 -VI 

Vapor Treatment System - Granular Activated Carbon Adsorption 
Carbon Requirements for Vapor Treatment 
Facility 325, Coastal Systems Station, Panama City 
Panama City, Florida 

• 
time, days mass. kg CLmm. ma mass removed Carbon, kg Carbon, kg Carbon, Ib 

0 2056 1 
2 1308 748 748 3740 
4 1035 1021 273 1365 
8 844 1212 191 955 

16 706 1350 138 690 
34 589 1467 117 585 
53 493 1563 96 480 
74 410 1646 83 415 
83 398 1658 12 60 
86 370 1686 28 140 
95 322 1734 48 240 

109 263 1793 59 295 
129 215 1841 48 240 

:IJOJ Mass of Hydrocarbon vs. Time 
I i I 

01) 

.!o:_ 

g 
of 
'" g 
"100) 

'R 
:t ... 
o .. .. 
"'1OO 
~ 

Carbon Consumption Schedule 

OJ 
Time, days 

IJO 

6750 14850 

1480 3256 

975 2145 

00 

Canisters 

7.425 

1.628 

1.0725 

* Install two G- 6 Carbotrol Air Purifiers each containing 2000 Ib Grarll.Jlar ActlvateC! Carbon 

* Stock an additloml16,OOO Ib GAC for potential consumption In the first two weeks 

D-40 
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2000 Ib Activated Carbon 
Air Purification Adsorber G-5 • 

The Gas Phase (G-5) Adsorber features: 

• 600 CFM at only 10" H20 pressure drop 

• stainless or mild steel construction 

also 

• dump gate for easy carbon removal 

• fork lift fittings for easy handling 

• dual perforated inlet distributors 

• DOT rating for transport 

• meets reactivation quantity requirements 

• 
12.5 -.-, ------r------,------,-----, 

0 
10.0 

G-5 '" J: 

SPECIFICATIONS ~ 
;. I 

I 7.5 
c.. 

Overall Dimensions 44" x 52" x 75" overall height 0 
ex: 
0 

Carbon 20001bs. 
70 cu. ft. 

Shipping weight 26501bs. 

Connections (2) 4" MPT inlets 
(1) 6" FPT outlet 

CARBTROL.: 
CORPORATION 

w 
ex: 
:> 
en 
en 
w 
ex: 
c.. 

5. 

2.5 

o I 

o 300 
FLOW - CFM 

39 Riverside Avenue, Westport, CT 06880 -1-800-242-1150 - (203) 226-5642 
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Air Purification Adsorber G-5 
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APPENDIX D-VII 

SOIL COVER FOR SVE 
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Appendix O-VII 
. . 

Soil Cover for SVE 

A major portion of soil contamination at Facility 325 is overlain by either a concrete cover 
or asphalt road way. As presented on page D-44, a minor portion (100 square yards) is 
covered by grass. Hence it is proposed that a flexible clay cap of thickness 1-2 feet be 
installed and compacted and graded to prevent potential short-circuiting of air during SVE 
operation. 

D-43 
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100-7520 

Department of .~(~ z!ILf!9i 
Environmental Protection 

Lawton Chiles 
Governor 

Mr. Nick Ugolini 
Code 184 (PVC) 
Southern Division 

Twin Towers Building 
2600 Blair Stone Road 

Tallahassee, Aorida 32399-2400 

February 8, 1996 

Naval Facilities Engineering Command 
2155 Eagle Drive 
P.O. Box 190010 
North Charleston, South Carolina 29419-9010 

RE: contamination Assessment Report, Facility 325, Coastal 
Systems Station Panama city 
DEP Facility #035118667 

Dear Mr. Ugolini: 

Virginia B. Wetherell 
Secretary 

The Bureau of waste Cleanup has reviewed the contamination 
Assessment Report (CAR) dated January 1996 (received January 25, 
1996), submitted for this site. We found all the documents 
submitted to date to be adequate to meet the contamination 
assessment requirements of Rules 62-770.600 and 62-770.630, 
Florida Administrative Code (F.A.C.). Therefore, you must now 
submit a Remedial Action Plan (RAP) in accordance with Rule 
52-770.700, F.A.C. 

The RAP should include remedial actions for free product 
removal and soil remediation, as well as a plan for monitoring of 
the groundwater. We suggest the following wells be used for 
monitoring: 

Upgradient Wells 
Source Wells 

Perimeter Wells 

MW-20j MW-25 
MW-8j MW-9i MW-10i MW-15i MW-21i MW-23i' 
and MW-26 
MW-2j MW-7i MW-12 and MW-14 

Please submit the RAP within two (2) months of receipt of 
this request, as required by Rule 62-770.700(1), F.A.C. If you 
should have any questions concerning this review, please contact 
me at (904)921-9989 . 

John W. Mitchell 
Remedial Project Manager 

"Protect, Conserve and Manage Florida's Environment and Natural Resources" 

Pn'nle~o~ recyc!cd paper. 
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Mr. Nick Ugolini 
February 8, 1996 
Page two 

cc: B.K. Morin, Navy SouthDiv 
Arturo McDonald, Naval CSS Panama City 
craig Benedikt, USEPA Region IV 
Tom Moody, FDEP Northwest Die~~~~ 
UWml'!~jg~~B Tallahas O~\"\Y J. 12.:.1 __ -""-

~ -.... ~ ... ~,. . 
Reviewed by: ~ \-:,E.NS J:- '\1~ '\ V· ... \ '1") £) / t~O. 1;!n~ \ \ 
~ ~ I \1'-

Timoth . J. Bahr. --e ... :c: , .. ,; } /~ i 
Professl.onal Geologl.st supe~r S !,c" .... :\h 19'·-'; 
Bureau of Waste Cleanup ~.. PL OR\~~~: ... / ,,- ~, - ('. ".' 

I J 
1.;':-" r: .,,' 

2. ~ qe:, . '-'fOi';L;l.t-·";; . 

Date n~O 
JJC~ ESN ~ 5!f/ 

::,::' 

.":~ 1 
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~. ~\ ~/~! : Y,;;:,: 
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From: 

To: 

Date: 

SUBJECT: 

Attendees: 

MEMORANDUM 

Gopi Kanchibhatla 

Mark Diblin 
cc: Mike Dunaway 

March 8, 1996 

COASTAL SYSTEMS STATION, SITE 325, PANAMA CITY, FLORIDA 
REMEDIAL ACTION PLAN PARTNERING MEETING 

John Mitchell (FDEP) 
Greg Brown (FDEP) 
Mike Dunaway (ABB-ES) 
Gopi Kanchibhatla (ABB-ES) 

Venu: 

FDEP, Tallahasse, Florida 

Time: 

March 8, 1996 
10:00 hrs to 10:50 hrs 

Meeting Minutes: 

Gopi Kanchibhatla, presented a brief description of Site 325, Coastal Systems Station (CSS), Panama City, 
Florida including, site description, regulatory history and contamination assessment summary. 

All the attendees agreed that Site 325 has 

soil that is "excessively contaminated", 

potential pockets of free product, 

groundwater that is contaminated with total VOA, PAHs, total naphthalenes, and TRPH 
(PAHs and Benzene exceed MOP guidelines, while the rest are below MOP guidelines), and 

the nearest exposure point for groundwater is the St. Andrew Bay which is about 200 ft in 
the downgradient direction, and the plume is surrounded by a line of monitoring wells which 
establish that the contamination has not left the site . 

E-3 



Gopi Kanchibhatla, presented the remedial action plan as follows: 

free product monitoring and recovery via vacuum enhanced extraction, 

soil vapor extraction (SVE) for vadose zone contamination, 

hot spot extraction of groundwater, and 

groundwater monitoring. 

Greg Brown, suggested use of air sparging along with the SVE and indicated that it would add to the 
cleanup of groundwater for a fraction of additional cost to the SVE. Also, since the JP-5 release at Site 325 
is recent, and soils assessment indicates presence of contaminants closer to the water table, air sparging 
will enhance removal rates of contaminants from groundwater. 

Gopi Kanchibhatla, and Mike Dunaway indicated that a cost and effectiveness analyses will be done for air 
sparging vs. monitoring only scenario for groundwater before making the decision. 

At this time Tim Bahr (FDEP) entered the room and Greg Brown enquired Tim on the policy of FDEP on 
RBCA (Risk Based Cleanup Action). Tim indicated that FDEP has the policy, and it may be applicable for 
Site 325. Thus if free product and soil contamination are cleaned, and there are no exposure pathways, 
groundwater at Site 325 could have a monitoring only plan. ABB-ES, suggested that the RAP will be. 
finalized after comparing the cost, and effectiveness of MOP vs. air sparging. 

E-4 
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I 
I 
I 
I 
I 
I 

I. 
I 
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COST ESTIMATE 



1 
II COST ENGINEERING SYSTEM LISTING OF ESTIMATE INPUT FOR CSS325 DATE: 05/16/96 PAGE: 

~IC INFORMATION ** 

1 00 1 1 15 
01 PRELIMINARY 
02 

1 
1 
1 

03 CSS PANAMA CITY, SITE 325 
04 
05 PANAMA CITY, FLORIDA 
06 N1 
07 05/05/96 
08 BLAKE SVENDSEN 
09 200000.00 
10 1.00 
11 EA 
12 01/21/92 
13 02 

** PRIME CONTRACTOR MARKUP ** 

I 14 A XXXXX 0.0 0.0 0.0 2 2 2 5 5 5 0.00 0.0 5.00 
** SUBCONTRACTOR MARKUP ** 

2.0 0.00 6.00 2.00 

15 A XXXXX 0.0 35.0 0.0 2 17 2 10 10 10 5 5 5 5 5 5 1.50 0.0 0.00 0.0 0.00 0.00 0.00 I ** END ITEMS ** 
WBS ITEM 
0103 AAAAAA 

1 010301 AAAAAA 

01030101 AAAAAA 

1.0101 CON001 

030101 CON001 

I 01030101 CON001 

01030101 CON002 

I 01030101 CON002 

01030101 SYSDC 

I 0806 AAAAAA 

080601 AAAAAA 

1 08060101 AAAAAA 

1 
08060101 CON001 

08060101 CON001 

1 
08060101 CON001 

08060101 CON001 

1 08060101 CON001 

1 • 
1 

QTY UM R SPEC SSPEC GRP 
1. 00 SF 

1.00 SF 

1.00 SF 

2.00 EA 13900 13900 EC 

115.00 LF 13900 13900 EC 

900.00 SF 13900 13900 EC 

1.00 EA 13900 13900 EC 

1.00 LS 13900 13900 EC 

0.00 

1.00 LF 

1.00 EA 

1.00 EA 

1.00 EA 13900 13900 TR 

6.00 EA 13900 13900 PI 

14.00 EA 13900 13900 TR 

12.00 EA 13900 13900 PI 

1.00 EA 13900 13900 PI 

MATL 
0.00 

0.00 

0.00 

98.00 

13.00 

2.29 

0.00 

580.00 

0.00 

0.00 

0.00 

0.00 

110.00 

155.00 

8.27 

58.00 

580.00 

LABR 
0.00 

0.00 

0.00 

97.00 

2.80 

0.61 

49.62 

124.00 

0.00 

0.00 

0.00 

0.00 

7.50 

20.00 

2.10 

20.00 

55.00 

EQP DESC 
0.00 SLAB ON GRADE 

0.00 EQUIPMENT COMPOUND PAD 

0.00 EQUIPMENT COMPOUND PAD 

0.00 GATE: 6' BY 5' WOODEN ST OCKADE FENCING 
GATE 

0.00 6' PERIMETER STOCKADE FE NCING 

0.00 30' BY 30' BY 6" EQUIP MENT PAD 

356.00 SWITCH BOX 

0.00 ELECTRICAL HOOKUP 

0.00 EQUIPMENT COMPOUND PAD 

0.00 SPECIAL PLUMBING SYSTEMS 

0.00 VACUUM ENHANCED EXTRACT I ON (VEE) 

0.00 VACUUM ENHANCED EXTRACT I ON (VEE) 

0.00 VACUUM REGULATOR 

0.00 LIQUID LEVEL SENSOR 

0.00 SAMPLING PORT 

0.00 PRESSURE INDICATOR 

0.00 TOTALIZER FLOW METER 



1 
COST ENGINEERING SYSTEM LISTING OF ESTIMATE INPUT FOR CSS325 DATE: 05/16/96 PAGE: 2 I 

-. ** END ITEMS ** 
WBS ITEM 
08060101 CON001 

08060101 CON001 

08060101 CON001 

08060101 CON001 

08060101 CON001 

08060101 CON001 

08060101 CON001 

08060101 SYSDC 

080690 AAAAAA 

08069001 AAAAAA 

08069001 CON001 

08069001 CON001 

08069001 CON001 

08069001 CON001 

08069001 CON001 

08069001 SYSDC 

3301 AAAAAA 

330101 AAAAAA 

33010101 AAAAAA 

33010101 CON001 

33010101 SYSDC 

330102 AAAAAA 

33010201 CON001 

330103 AAAAAA 

33010301 AAAAAA 

33010301 CON001 

QTY UM 
21.00 EA 

20.00 EA 

10.00 EA 

15.00 EA 

5.00 EA 

5.00 EA 

1750.00 LF 

0.00 

1.00 EA 

1.00 EA 

4.00 EA 

4.00 EA 

8.00 EA 

21.00 EA 

785.00 LF 

0.00 

1.00 LS 

1.00 LS 

1.00 LS 

1.00 LS 

0.00 

1.00 LS 

1.00 LS 

1.00 LS 

1.00 EA 

1.00 EA 

R SPEC SSPEC GRP 
13900 13900 PI 

13900 13900 TR 

13900 13900 PI 

13900 13900 PI 

13900 13900 PI 

13900 13900 PI 

13900 13900 TR 

13900 13900 PI 

13900 13900 PI 

13900 13900 PI 

13900 13900 PI 

13900 13900 TR 

13900 13900 MB 

13900 13900 MB 

13900 13900 MB 

MATL LABR 
80.00 12.00 

10.20 0.00 

50.00 79.00 

50.00 5.20 

235.00 25.00 

1.00 0.00 

4.60 5.20 

0.00 0.00 

0.00 0.00 

0.00 0.00 

58.00 20.00 

235.00 25.00 

80.00 12.00 

2.80 14.60 

4.60 5.20 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 2200.00 

0.00 0.00 

0.00 0.00 

0.00 1000.00 

0.00 0.00 

0.00 0.00 

0.00 850.00 

EQP DESC 
0.00 BALL VALVES 

0.00 4 IN. DIA. SCH. 80 PVC VACUUM EXTRACTIO 
N PIPING 

0.00 4" BY 4" BY 1" TEE CONNE CTION 

0.00 CAM AND GROVE COUPLER 

0.00 WELL FLOW METER (WATER) 

0.00 FLOW METER (AIR) 

0.00 1 IN. SCH. 40 PVC VEE PI PING 

0.00 VACUUM ENHANCED EXTRACT I ON (VEE) 

0.00 AQUIFER AIR SPARGING 

0.00 AQUIFER AIR SPARGING 

0.00 PRESSURE INDICATOR 

0.00 FLOW METER 

0.00 BALL VALVE 

1 
1 
1 
I 
I 
1-

0.00 1 IN. SCH. 80 PVC AIR IN JECTION 90 DE~ II 
EE ELBOW 

0.00 1 IN. SCH. 80 PVC AIR IN JECTION PIPING 

0.00 AQUIFER AIR SPARGING 

0.00 MOBILIZATION AND PREPARA TORY WORK 

0.00 MOBILIZATION OF CONSTRUC TION EQIPMENT 

0.00 MOBILIZATION OF EQUIPMEN T AND DRILLER P 
ROCUREMEN T 

0.00 MOBILIZATION OF EQUIPMEN T AND DRILLER P 
ROCUREMEN T 

0.00 MOBILIZATION OF CONSTRUC TION EQUIPMENT 

0.00 MOBILIZATION OF PERSONNE L 

0.00 MOBILIZATION OF PERSONNE L 

0.00 PRECONSTRUCT ION PERMITTI NG 

0.00 PERMITTING 

0.00 PERMIT AQUISITION 

I 
I 
I 
1 
1 
1 
1 -. 
1 



I 
II COST ENGINEERING SYSTEM 

~D ITEMS ** 

I \JBS ITEM 
33010301 SYSDC 

I 
3303 AAAAAA 

330303 AAAAAA 

I 33030301 AAAAAA 

33030301 CON001 

I 33030301 CON001 

33030301 CON001 

II 33030301 CON001 

33030301 CON001 

I 33030301 CON001 

33030301 CON001 

II 33030301 SYSDC 

330390 AAAAAA 

1.9001 CON003 

I 
33039001 CON003 

33039001 CON003 

I 
33039001 CON003 

33039001 CON003 

I 33039001 CON003 

330391 AAAAAA 

I 33039101 AAAAAA 

33039101 CON001 

I 33039101 CON001 

33039101 SYSDC 

I 330392 AAAAAA 

33039201 AAAAAA 

I .-
I 

QTY 

0.00 
UM 

1.00 LS 

1.00 LF 

1.00 LF 

120.00 SF 

120.00 LF 

390.00 LF 

1.00 LS 

1.00 LS 

2940.00 LF 

1.00 LS 

0.00 

1.00 LF 

14.00 LF 

7.00 LS 

120.00 LF 

150.00 LF 

100.00 LF 

1.00 LS 

1.00 LS 

1.00 LF 

2.00 LOT 

150.00 SY 

0.00 

1.00 YR 

1.00 YR 

LISTING OF 

R SPEC SSPEC GRP 

13900 13900 TR 

13900 13900 TR 

13900 13900 TR 

13900 13900 TR 

13900 13900 TR 

13900 13900 TR 

13900 13900 TR 

13900 13900 YO 

13900 13900 YO 

13900 13900 YO 

13900 13900 YO 

13900 13900 YO 

13900 13900 YO 

13900 13900 OM 

13900 13900 TR 

ESTIMATE INPUT FOR CSS325 

. ? 

MATL LABR 
0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 3.80 

0.00 2.56 

1.80 0.00 

0.00 1500.00 

1.00 0.00 

1.00 0.00 

1.00 0.00 

0.00 0.00 

0.00 .0.00 

7.00 0.00 

500.00 0.00 

12.00 0.00 

28.00 0.00 

5.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

150.00 0.00 

8.30 4.62 

0.00 0.00 

0.00 0.00 

0.00 0.00 

DATE: 05/16/96 PAGE: 

EQP DESC 
0.00 PERMITTING 

0.00 \JELL DRILLING, TRENCHING, AND PIPING 

0.00 TRENCHING AND PIPING 

0.00 TRENCHING 

0.00 PAVEMENT DISPOSAL 

0.00 PAVEMENT CUTTING 

0.00 TRENCH EXCAVATION AND BA CKFILL 

450.00 UTILITY LOCATION SURVEY 

0.00 CONTAMINATED SOIL DISPOS AL FROM TRENCHE 
S 

0.00 PIPING INSTALLATION 

0.00 ONSITE CONTAMINATED SOIL TEMPORARY STOR 
AGE 

0.00 TRENCHING 

0.00 \JELL DRILLING 

0.00 BENTONITE SEAL IN \JELLS 

0.00 INVESTIGATIVE \JASTE DISP OSAL 

0.00 SAND PACK FOR \JELLS 

0.00 HALLO\J STEM AUGER BORE H OLE ADVANCEMENT 

0.00 GROUT INSTALLATION IN \JE LLS 

2400.00 DRILLIER MOBIOIZATION 

0.00 CLAY LINER AND SITE REPA IR 

0.00 SITE REPAIR 

0.00 SOD AND GRASS SEEDING 

1.34 CLAY LINER, 2' THICK FOR VEE AND AAS 

0.00 SITE REPAIR AND DEMOBILI ZATION 

0.00 SYSTEM OPERATION, MAINTA NENCE, SAMPLING 
AND REPO RTiNG 

0.00 SYSTEM OPERATION, MAINTA NENCE, SAMPLING 
AND REPO RTING 

3 

~ . .:. 

.f.~j 

,,~.~ 



I 
COST ENGINEERING SYSTEM LISTING OF ESTIMATE INPUT FOR CSS325 DATE: 05/16/96 PAGE: 4 I 

** END ITEMS ** • WBS ITEM QTY UM R SPEC SSPEC GRP MATL LABR EQP DESC I 
33039201 ABB001 4.00 PRO 13900 13900 OM 2200.00 6800.00 2100.00 SAMPLING/ANALYTICAL AND REPORTING FOR 0 

NE YEAR I N 4 PERIODS 
33039201 CON001 52.00 WKS 13900 13900 OM 0.00 250.00 0.00 INSPECTION AND VISIT COS T PER YEAR 

I 33039201 CON001 1.00 YR 13900 13900 OM 7800.00 0.00 0.00 POWER COSTS FOR ONE YEAR 

33039201 SYSDC 0.00 0.00 0.00 0.00 SYSTEM OPERATION, MAINTA NENCE, SAMPLING 

I ' AND REP ORTING 
3313 AAAAAA 1.00 EA 0.00 0.00 0.00 SITE EQUIPMENT 

331325 AAAAAA 1.00 EA 0.00 0.00 0.00 VEE AND AAS SYSTEMS I 
33132501 AAAAAA 1.00 EA 0.00 0.00 0.00 VACUUM ENHANCED EXTRACT I ON 

33132501 CON001 1.00 EA 13900 13900 EQ 0.00 0.00 9850.00 LIQUID RING PUMP SYSTEM I 
33132501 CON001 1.00 EA 13900 13900 0.00 0.00 3200.00 LIQUID RING PUMP CONTROL ER 

33132501 CON001 1.00 EA 13900 13900 EQ 0.00 0.00 1800.00 DUAL PHASE EXTRACTION I 
33132501 CON001 1.00 EA 13900 13900 EQ 0.00 0.00 3400.00 AIR COOLED HEAT EXCHANGE R 

33132501 CON001 1.00 EA 13900 13900 EQ 0.00 0.00 1620.00 POLYETHYLENE SKID MOUNTE 0 STORAGE. TANKS I 
33132501 CON001 25.00 LF 13900 13900 EQ 4.52 8.80 0.00 STORAGE TANK DISCHARGE PIPING 

33132501 CON001 1.00 EA 13900 13900 EQ 0.00 0.00 720.00 DEMISTING PAD .1 
33132501 CON001 8.00 MO 13900 13900 EQ 4000.00 0.00 0.00 CARBON REPLACEMENT 

33132501 CON001 2.00 EA 13900 13900 PI 6500.00 0.00 0.00 CARBON CANISTERS I 
33132501 SYSDC 0.00 0.00 0.00 0.00 VACUUM ENHANCED EXTRACTION 

I 33132502 AAAAAA 1.00 EA 0.00 0.00 0.00 AQUIFER AIR SPARGING 

33132502 CON001 1.00 EA 13900 13900 EQ 0.00 0.00 6500.00 AIR SPARGING SYSTEM 

I 33132502 SYSDC 0.00 0.00 0.00 0.00 AQUIFER AIR SPARGING 

GRP AAAAAA 0.00 OM 0.00 0.00 0.00 DE-MOBILIZATION I 
GRP AAAAAA 0.00 EC 0.00 0.00 0.00 EQUIPMENT COMPOUND 

GRP AAAAAA 0.00 EQ 0.00 0.00 0.00 EQUIPMENT I 
GRP AAAAAA 0.00 MB 0.00 0.00 0.00 MOBILIZATION 

. GRP AAAAAA 0.00 OM 0.00 0.00 0.00 OPERATION AND MAINTANENC E I 
GRP AAAAAA 0.00 TR 0.00 0.00 0.00 TRENCHING AND PIPING 

I • I 
I 



I 
I SUMMARY REPORT 

WORK BREAKDOWN 

eMINARY 
,Ij 

I ENGINEERING ESTIMATE 

I 
PROJECT: CSS PANAMA CITY, SITE 325 
LOCATION: PANAMA CITY, FLORIDA 
ESTIMATORS: BLAKE SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 200,000.00 

I 
I 
I PRIMARY FACILITIES 

0103 SLAB ON GRADE 
0806 SPECIAL PLUMBING SYSTEMS 

I 
SUBTOTAL PRIMARY FACILITIES 

ENVIRONMENTAL 

I 
3301 MOBILIZATION AND PREPARA 

01 MOBILIZATION OF CONSTRUC 
02 MOBILIZATION OF PERSONNE 
03 PRECONSTRUCT ION PERMITTI 

3303 WELL DRILLING, TRENCHING 

I • TRENCHING AND PIPING 
WELL DRILLING 

91 CLAY LINER AND SITE REPA 

I 
92 SYSTEM OPERATION, MAINTA 

3313 SITE EQUIPMENT 
25 VEE AND AAS SYSTEMS 
SUBTOTAL ENVIRONMENTAL 

TOTAL ESTIMATE CONTRACT 

COST! WBS 
BASED ON 

1.00 

8,083.91 
48,748.11 
56,832.02 

I TOTAL ESTIMATE CONTRACT (ROUNDED) 

I 
I 
I 
I 
I .-
I 

WBS 
UNITS U/M 

1.00 SF . 
1.00 LF 

1.00 LS 
1.00 LS 
1.00 LS 

1.00 LF 
1.00 LF 
1.00 LS 
1.00 YR 

1.00 EA 

CAT CODE: 
UIC: N1 
P-NO. : 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

DATE OF ESTIMATE: 05/16/96 
BID DATE: 05/05/96 

TOTAL TOTAL 
COST/WBS MU MATl MU LABOR 

UNIT COST COST 

8,083.91 5,909 1,689 
48,748.11 27,659 21,089 

33,567 22,779 

3,000.80 0 3,001 
1,364.00 0 1,364 
1,159.40 0 1,159 

8,671.22 4,970 3,087 
16,556.23 13,283 0 
3,326.79 2,107 945 

88,932.80 22,642 54,833 

98,784.97 61,534 300 
104;537 64,689 

138,104 87,468 

05/16/96 15 
01/21/92 02 

CSS325 

TOTAL 
MU EQUIP 

COST 

486 
0 

486 

0 
0 
0 

614 
3,274 

274 
11,458 

36,951 
52,570 

53,056 

TOTAL 
CONTRACT 

COST 

8,084 
48,748 
56,832 

3,001 
1,364 
1,159 

~ .,. 
8,671 

16,556 
3,327 

88,933 
.~ 

98,785 
t~ , 

221,796 

278,628 
279,000 



INPUT REPORT 
MARK-UP 
PRELIMINARY 

ENGINEERING ESTIMATE 

PRIME MARK-UP 

PROJECT: CSS PANAMA CITY. SITE 325 
LOCATION: PANAMA CITY. FLORIDA 
ESTIMATORS: BLAKE SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 

DESIGN CONTINGENCIES 10.00% 
TAX ON MATERIAL 0.0% 
TAX & INSURANCE ON LABOR 0.0% 
TAX ON EQUIPMENT 0.0% 
PRIME OVERHEAD MAT'L LABOR EQUIP 

PRIME PROFIT 

BOND 
MISC. TAXES 
CQC 
ESCALATION 
PCAS 
CONT 
SIOH 

~ ~ ~ 

MAT'L LABOR EQUIP 
5% 5% 5% 

0.00% 
0.0% 
5.00% 
2.0% 
0.00% 
6.00% 
2.00% 

MATERIAL COMPOSITE MARK-UP 1.364 
LABOR COMPOSITE MARK-UP 1.364 
EQUIPMENT COMPOSITE MARK-UP 1.364 

SUB MARK-UP A 
DESIGN CONTINGENCIES 0.00% 
TAX ON MATERIAL 0.0% 
TAX & INSURANCE ON LABOR 35.0% 
TAX ON EQUIPMENT 
SUB OVERHEAD 

SUB PROFIT 

PRIME OVERHEAD 

PR I ME PROF IT 

BOND 
MISC. TAXES 
CQC 
ESCALATION 
PCAS 

MAT'L 
2% 

MAT'L 
10% 

MAT'L 
5% 

MAT'L 
5% 

0.0% 
LABOR EQUIP 

17"1. 2% 
LABOR EQUIP 

10% 10% 
LABOR EQUIP 

5% 5% 
LABOR EQUIP 

5% 
1.50% 
0.0% 
0.00% 
0.0% 
0.00% 

5% 

CONT 0.00% 
SIOH 0.00% 
MATERIAL COMPOSITE MARK-UP 1.256 
LABOR COMPOSITE MARK-UP 1.944 
EQUIP'MENT COMPOSITE MARK-UP 1.256 

200.000.00 

SPECIFICATION SECTIONS 
MARKED UP FOR PRIME 

XXXXX 

SPECIFICATION SECTIONS 
MARKED UP FOR SUB 
XXXXX 

CAT CODE: 
UIC: N1 
P-NO. : 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

DATE OF ESTIMATE: 05/16/96 
BID DATE: 05/05/96 

05/16/96 15 
01/21/92 02 

CSS325 

I 

•• .' I 

I 
I 
I 
I 
I 
I 

.1 
I 
I 
I 
I 
I 
I 
I -. 
I 



· .. 
ENGINEERING ESTIMATE 

PROJECT: CSS PANAMA CITY, SITE 325 
LOCATION: PANAMA CITY, FLORIDA 
ESTIMATORS: BLAKE SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 

WBS MATL LABOR EQUIP 

200,000.00 

CAT CODE: 
UIC: N1 
P-NO. : 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

DATE OF ESTIMATE: 05/16/96 
BID DATE: 05/05/96 

05/16/96 15 
01/21/92 02 

CSS325 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 
PRELIMINARY 

ENGINEERING ESTIMATE 

PROJECT: CSS PANAMA CITY, SITE 325 
LOCATION: PANAMA CITY, FLORIDA 
ESTIMATORS: BLAKE SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 

QUAN U/M 

01030101 SUBSTRUCTURE 
SLAB ON GRADE 

STANDARD SLAB ON GRADE 
EQUIPMENT COMPOUND PAD 

SYSDC EQUIPMENT COMPOUND PAD 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
CON001 GATE: 6' BY 5' WOODEN ST 

OCKADE FENCING GATE 
CON001 6' PERIMETER STOCKADE FE 

NCING 
'CON001 30' BY 30' BY 6" EQUIP 

MENT PAD 
CON002 

SWITCH BOX 
CON002 

2.00 EA 

115.00 LF 

900.00 SF 

1.00 EA 

ELECTRICAL HOOKUP 
SUBTOTAL-SUBSPEC SECTION 13900 

1.00 LS 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 01030101 

TOTAL FOR WORK BREAKDOWN 01030101 
COST/WBS UNIT 01030101 

200,000.00 

MUP/ 
EXT 

133.67* 
267 

17.73* 
2,039 
3.12* 

2,811 
0.00* 

0 
791. 12* 

---1£1 
5,909 

5,909 
5,909 

5,909 

CAT CODE: 
UIC: N1 
P-NO. : 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

05/16/96 15 
01/21/92 02 

CSS325 

DATE OF ESTIMATE: 05/16/96 
BID DATE: 05/05/96 

LUP/ 
EXT 

132.31* 
265 

3.82* 
439 

0.83* 
749 

67.68* 
68 

169.14* 
169 

1 ,689 

1,689 
1,689 

1,689 

EUP/ 
EXT 

0.00* 
0 

0.00* 
0 

0.00* 
0 

485.58* 
486 

0.00* 
0 

486 

486 
486 

486 

TOTAL 

265.98 
532 

21.55 
2,478 
3.96 

3,560 
553.27 

553 
960.26 

960 
8,084 

8,084 
8,084 

8,084 
8,083.91 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

08060101 PLUMBING 
SPECIAL PLUMBING SYSTEMS 

SPECIAL PIPING SYSTEMS 
VACUUM ENHANCED EXTRACT I ON (VEE) 

SYSDC VACUUM ENHANCED EXTRACTION (VEE) 

1 

.1 
1 
1 
1 
1 
1 
1 
1 

el 
1 
1 
1 
1 
1 
I 
1 e l 
I 



I 
I BACKUP REPORT 

~REAKDOWN-SPEC 

I QUAN U/M 

I 08060101 PLUMBING 
SPECIAL PLUMBING SYSTEMS 

SPECIAL PIPING SYSTEMS 
VACUUM ENHANCED EXTRACT I ON (VEE) 

I 13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

I CONOOl 
VACUUM REGULATOR 1.00 EA 

CONOOl 
LIQUID LEVEL SENSOR 6.00 EA 

I CONOOl 
SAMPLING PORT 14.00 EA 

CON001 

I 
PRESSURE INDICATOR 12.00 EA 

CON001 
TOTALIZER FLOW METER 1.00 EA 

CON001 

I BALL VALVES 21.00 EA 
CON001 4 IN. DIA. SCH. 80 PVC V 

ACUUM EXTRACTION PIPING 20.00 EA 
CON001 4" BY 4" BY 1" TEE CONNE Ie CTION 10.00 EA 

NOOl 
CAM AND GROVE COUPLER 15.00 EA 

I 
CONOOl 

WELL FLOW METER (WATER) 5.00 EA 
CONOOl 

FLOW METER (AIR) 5.00 EA 

I 
CONOOl 1 IN. SCH. 40 PVC VEE PI 

PING 1,750.00 LF 
SUBTOTAL-SUBSPEC SECTION 13900 

I TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 08060101 

MUP/ 
EXT 

150.04* 
150 

211.42* 
1,269 
11.28* 

158 
79.11* 

949 
791.12* 

791 
109.12* 
2,292 
13.91* 

278 
68.20* 

682 
68.20* 
1,023 

320.54* 
1,603 
1.36* 

7 
6.27* 

10,980 
20,181 

20,181 
20,181 

LUP/ 
EXT 

10.23* 
10 

27.28* 
164 

2.86* 
40 

27.28* 
327 

75.02* 
75 

16.37* 
344 

0.00* 
0 

107.76* 
1,078 
7.09* 

106 
34.10* 

171 
0.00* 

0 
7.09* 

12,412 
14,727 

14,727 
14,727 

PRINTING DATE: 
DATABASE DATE: 
PAGE NUMBER 

EUP/ 
EXT TOTAL 

0.00* 160.27 
0 160 

0.00* 238.70 
0 1,432 

0.00* 14.14 
0 198 

0.00* 106.39 
0 1,277 

0.00* 866.14 
0 866 

0.00* 125.49 
0 2,635 

0.00* 13.91 
0 278 

0.00* 175.96 
0 1,760 

0.00* 75.29 
0 1,129 

0.00* 354.64 
0 1,773 

0.00* 1.36 
0 7 

0.00* 13.37 
0 23,393 
0 34,908 

0 34,908 
0 34,908 

TOTAL FOR WORK BREAKDOWN 08060101 20,181 14,727 0 34,908 

05/16/96 
01/21/92 

2 

15 
02 

I COST/WBS UNIT 08060101 34,908.42 
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

I 08069001 

SYSDC 

I 
I .-
I 

PLUMBING 
SPECIAL PLUMBING SYSTEMS 

AQUIFER AIR SPARGING 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 

QUAN U/M 

08069001 PLUMBING 
SPECIAL PLUMBING SYSTEMS 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
CON001 

PRESSURE INDICATOR 4.00 EA 
CON001 

FLOW METER 4.00 EA 
CON001 

BALL VALVE 8.00 EA 
CON001 1 IN. SCH. 80 PVC AIR IN 

JECTION 90 DEGREE ELBOW 
CON001 1 IN. SCH. 80 PVC AIR IN 

21. 00 EA 

JECTION PIPING 785.00 LF 
SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 08069001 

TOTAL FOR WORK BREAKDOWN 08069001 
COST/WBS UNIT 08069001 

MUP/ 
EXT 

79.11* 
316 

320.54* 
1,282 

109.12* 
873 

3.82* 
80 

6.27* 
4,925 
7,477 

7,477 
7,477 

7,477 

LUP/ 
EXT 

27.28* 
109 

34.10* 
136 

16.37* 
131 

19.91* 
418 

7.09* 
5,568 
6,363 

6,363 
6,363 

6,363 

EUP/ 

PRINTING DATE: 05/16/96 15 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER: 3 

EXT TOTAL 

0.00* 106.39 
0 426 

0.00* 354.64 
0 1,419 

0.00* 125.49 
0 1,004 

0.00* 23.73 
0 498 

0.00* 13.37 
0 10,493 
0 13,840 

0 13,840 
0 13,840 

0 13,840 
13,839.69 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33010101 HTRW REMEDIAL ACTION 
MOBILIZATION AND PREPARATORY WORK 

MOBILIZATION OF CONSTRUCTION EQP AND FACILITIES 
MOBILIZATION OF EQUIPMEN T AND DRILLER PROCURE MEN T 

SYSDC MOBILIZATION OF CONSTRUCTION EQUIPMENT 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
CON001 MOBILIZATION OF EQUIPMEN 

T AND DRILLER PROCUREMEN 0.00* 3,000.80* 
T 1.00 LS 0 3,001 

SUBTOTAL-SUBSPEC SECTION 13900 0 3,001 

TOTAL FOR SPEC SECTION 13900 0 3,001 
SUBTOTAL-WORK BREAKDOWN 33010101 0 3,001 

TOTAL FOR WORK BREAKDOWN 33010101 0 3,001 
COST /WBS UN IT 33010101 

0.00* 3,000.80 
0 3,001 
0 3,001 

0 3,001 
0 3,001 

0 3,001 
3,000.80 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

I 

.1 
I 
I 
1 
1 
I 
I 
1 

el 
I 
1 
1 
1 
I 
I 
I e l 
I 



I 
I BACKUP REPORT 

WORK BREAKDOWN-SPEC 

.-
I 33010201 

QUAN U/M 

HTRW REMEDIAL ACTION 
MOBILIZATION AND PREPARATORY WORK 

MOBILIZATION OF PERSONNEL 
MOBILIZATION OF PERSONNE L 

I 13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

I 
I 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
CON001 MOBILIZATION OF PERSONNE 

L 1.00 LS 
SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 33010201 

TOTAL FOR WORK BREAKDOWN 33010201 

MUP/ 
EXT 

0.00* 
Q 
Q 

Q 
0 

0 

LUP/ 
EXT 

1,364.00* 
1,364 
1,364 

1,364 
1,364 

1,364 

PRINTING DATE: 
DATABASE DATE: 
PAGE NUMBER 

EUP/ 
EXT TOTAL 

0.00* 1,364.00 
0 1,364 
0 1,364 

0 1,364 
0 1,364 

0 1,364 
1,364.00 

05/16/96 15 
01/21/92 02 

4 

I COST/WBS UNIT 33010201 
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

133010301 

I.DC 

HTRW REMEDIAL ACTION 
MOBILIZATION AND PREPARATORY WORK 

PRECONSTRUCTION SUBMITTALS/IMPLEMENTATION PLANS 
PERMITTING 

PERMITTING 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

I 13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
CON001 0.00* 

PERMIT AQUISITION 1.00 EA 0 
SUBTOTAL-SUBSPEC SECTION 13900 0 I 
TOTAL FOR SPEC SECTION 13900 0 
SUBTOTAL-WORK BREAKDOWN 33010301 0 

TOTAL FOR WORK BREAKDOWN 33010301 0 I 
COST/WBS UNIT 33010301 

1,159.40* 0.00* 1,159.40 
1,159 0 1,159 
1,159 0 1,159 

1,159 0 1,159 
1,159 0 1,159 

1,159 0 1,159 
1,159.40 II ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33030301 

I 
HTRW REMEDIAL ACTION 

SITE WORK 
EARTHWORK 

TRENCHING 

I 
SYSDC TRENCHING 

I .-
I 

'-

" 



BACKUP REPORT PRINTING DATE: 05/16/96 15 
WORK BREAKDOWN-SPEC DATABASE DATE: 01/21/92 02 

PAGE NUMBER 5 

MUP/ LUP/ EUP/ 
QUAN U/M EXT EXT EXT TOTAL 

33030301 HTRW REMEDIAL ACTION 
SITE WORK 

EARTHWORK 
TRENCHING 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
CON001 0.00* 5.18* 0.00* 5.18 

PAVEMENT DISPOSAL 120.00 SF 0 622 0 622 
CON001 0.00* 3.49* 0.00* 3.49 

PAVEMENT CUTTING 120.00 LF 0 419 0 419 
CON001 TRENCH EXCAVATION AND BA 2.46* 0.00* 0.00* 2.46 

CKFILL 390.00 LF 958 0 0 958 
CON001 0.00* 2,046.00* 613.80* 2,659.80 

UTILITY LOCATION SURVEY 1.00 LS 0 2,046 614 2,660 
CON001 CONTAMINATED SOIL DISPOS 1.36* 0.00* 0.00* 1.36 

AL FROM TRENCHES 1.00 LS 1 0 0 
CON001 1.36* 0.00* 0.00* 1.36 

PIPING INSTALLATION 2,940.00 LF 4,010 0 0 4,010 
CON001 ONSITE CONTAMINATED SOIL 1.36* 0.00* 0.00* 1.36 

TEMPORARY STORAGE 1.00 LS 1 0 0 
SUBTOTAL-SUBSPEC SECTION 13900 4,970 3,087 614 8,671 

TOTAL FOR SPEC SECTION 13900 4.970 3.087 614 8.671 
SUBTOTAL-WORK BREAKDOWN 33030301 ·4,970 3,087 614 8,671 

TOTAL FOR WORK BREAKDOWN 33030301 4,970 3,087 614 8,671 
COST/WBS UNIT 33030301 8,671.22 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33039001 HTRW REMEDIAL ACTION 
SITE WORK 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
CON003 9.55* 0.00* 0.00* 9.55 

BENTONITE SEAL IN WELLS 14.00 LF 134 0 0 134 
CON003 INVESTIGATIVE WASTE DISP 682.00* 0.00* 0.00* 682.00 

OSAL 7.00 LS 4,774 0 0 4,774 
CON003 16.37* 0.00* 0.00* 16.37 

SAND PACK FOR WELLS 120.00 LF 1,964 0 0 1,964 
CON003 HALLOW STEM AUGER BORE H 38.19* 0.00* 0.00* 38.19 

OLE ADVANCEMENT 150.00 LF 5,729 0 0 5,729 

I 

.1 
I 
1 
1 
1 
1 
1 
I 

el 
1 
I 
I 
1 
1 
1 
1 e l 
I, 



I 
I BACKUP REPORT 

~ORK BREAKDO~N-SPEC 

.-
I 33039001 HTR~ REMEDIAL ACTION 

SITE ~ORK 

CON003 GROUT INSTALLATION IN ~E 

I 
LLS 

CON003 
DRILLIER MOBIOIZATION 

QUAN U/M 

100.00 LF 

1.00 LS 
SUBTOTAL-SUBSPEC SECTION 13900 

I TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-~ORK BREAKDO~N 33039001 

I TOTAL FOR ~ORK BREAKDO~N 33039001 
COST /~BS UN IT 33039001 

MUP/ 
EXT 

6.82* 
682 

0.00* 
0 

13,283 

13,283 
13,283 

13,283 

LUP/ 
EXT 

0.00* 
0 

0.00* 
Q 
0 

Q 
0 

0 

PRINTING DATE: 05/16/96 15 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER: 6 

EUP/ 
EXT TOTAL 

0.00* 6.82 
0 682 

3,273.60* 3,273.60 
3,274 3,274 
3,274 16,556 

3,274 16,556 
3,274 16,556 

3,274 16,556 
16,556.23 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

I 33039101 HTR~ REMEDIAL ACTION 
SITE WORK 

I 
SYSDC SITE REPAIR AND DEMOBILIZATION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

I • 00 MISCELLANEOUS SPECIAL CONSTRUCTION 
N001 

SOD AND GRASS SEEDING 2.00 LOT 

I 
CON001 CLAY LINER, 2' THICK FOR 

VEE AND AAS 150.00 SY 
SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-~ORK BREAKDO~N 33039101 I 
TOTAL FOR ~ORK BREAKDO~N 33039101 

204.60* 0.00* 0.00* 204.60 
409 0 0 409 

11.32* 6.30* 1.83* 19.45 
1,698 945 274 2,918 
2.10Z 945 274 3,327 

2,107 945 274 3,327 
2,107 945 274 3,327 

2,107 945 274 3,327 
COST/~BS UNIT 33039101 3,326.80 II ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33039201 

I 
HTR~ REMEDIAL ACTION 

SITE ~ORK 

SYSDC SYSTEM OPERATION, MAINTANENCE, SAMPLING, AND REPORTING 

I 13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

I 
ABB001 SAMPLING/ANALYTICAL AND 

I .-
I 

REPORTING FOR ONE YEAR I 
N 4 PERIODS 4.00 PRD 

3,000.80* 
12,003 

9,275.20* 
37,101 

2,864.40* 
11,458 

15,140.40 
60,562 

-' 



BACKUP REPORT PRINTING DATE: 05/16/96 15 
WORK BREAKDOWN-SPEC DATABASE DATE: 01/21/92 02 

PAGE NUMBER 7 

MUP/ LUP/ EUP/ 
QUAN U/M EXT EXT EXT TOTAL 

33039201 HTRW REMEDIAL ACTION 
SITE WORK 

CON001 INSPECTION AND VISIT COS 0.00* 341.00* 0.00* 341.00 
T PER YEAR 52.00 WKS 0 17,732 0 17,732 

CON001 10,639.20* 0.00* 0.00* 10,639.20 
POWER COSTS FOR ONE YEAR 1.00 YR 10,639 0 0 10,639 

SUBTOTAL-SUBSPEC SECTION 13900 22,642 54,833 11,458 88,933 

TOTAL FOR SPEC SECTION 13900 22,642 54,833 11,458 88,933 
SUBTOTAL-WORK BREAKDOWN 33039201 22,642 54,833 11,458 88,933 

TOTAL FOR WORK BREAKDOWN 33039201 22,642 54,833 11,458 88,933 
COST/WBS UNIT 33039201 88,932.80 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33132501 HTRW REMEDIAL ACTION 
PHYSICAL TREATMENT 

AERATION 
VACUUM ENHANCED EXTRACT I ON 

SYSDC VACUUM ENHANCED EXTRACTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
CON001 0.00* 0.00* 13,435.40* 13,435.40 

LIQUID RING PUMP SYSTEM 1.00 EA 0 0 13,435 13,435 
CON001 LIQUID RING PUMP CONTROL 0.00* 0.00* 4,364.80* 4,364.80 

ER 1.00 EA 0 0 4,365 4,365 
CON001 0.00* 0.00* 2,455.20* 2,455.20 

DUAL PHASE EXTRACTION 1.00 EA 0 0 2,455 2,455 
CON001 AIR COOLED HEAT EXCHANGE 0.00* 0.00* 4,637.60* 4,637.60 

R 1.00 EA 0 0 4,638 4,638 
CON001 POLYETHYLENE SKID MOUNTE 0.00* 0.00* 2,209.68* 2,209.68 

D STORAGE TANKS 1.00 EA 0 0 2,210 2,210 
CON001 STORAGE TANK DISCHARGE P 6.17* 12.00* 0.00* 18.17 

IPING 25.00 LF 154 300 0 454 
CON001 0.00* 0.00* 982.08* 982.08 

DEMISTING PAD 1.00 EA 0 0 982 982 
CON001 5,456.00* 0.00* 0.00* 5,456.00 

CARBON REPLACEMENT 8.00 MO 43,648 0 0 43,648 
CON001 8,866.00* 0.00* 0.00* 8,866.00 

CARBON CANISTERS 2.00 EA 17,732 0 0 17,732 
SUBTOTAL-SUBSPEC SECTION 13900 61,534 300 28,085 89,919 

TOTAL FOR SPEC SECTION 13900 61,534 300 28,085 89,919 
SUBTOTAL-WORK BREAKDOWN 33132501 61,534 300 28,085 89,919 

I 

.1 
I 
I 
I 
I 
I 
I 
I 

.1 
I 
I 
I 
I 
I 
I 
I 

•• 
I 



I 
I BACKUP REPORT I i "'AKnOilN - SPEC 

QUAN U/M 

TOTAL FOR WORK BREAKDOWN 33132501 
COST/WBS UNIT 33132501 

MUP/ 
EXT 

61,534 

LUP/ 
EXT 

300 

PRINTING DATE: 
DATABASE DATE: 
PAGE NUMBER 

EUP/ 
EXT TOTAL 

28,085 89,919 
89,918.97 

05/16/96 15 
01/21/92 02 

8 

I ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

I 33132502 HTRW REMEDIAL ACTION 
PHYSICAL TREATMENT 

AERATION 
AQUIFER AIR SPARGING 

I SYSDC AQUIFER AIR SPARGING 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

I 13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
CON001 

AIR SPARGING SYSTEM 1.00 EA 
SUBTOTAL·SUBSPEC SECTION 13900 I 
TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 33132502 

0.00* 0.00* 8,866.00* 8,866.00 
0 0 8,866 8,866 
0 0 8,866 8,866 

0 0 8,866 8,866 
0 0 8,866 8,866 I TOTAL FOR WORK BREAKDOWN 33132502 0 0 8,866 8,866 

COST/WBS UNIT 33132502 8,866.00 II ~++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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SUMMARY REPORT: 
SPEC SECT ION 
PRELIMINARY 

ENGINEERING ESTIMATE 

PROJECT: CSS PANAMA CITY, SITE 325 
LOCATION: PANAMA CITY, FLORIDA 
ESTIMATORS: BLAKE SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 200,000.00 

MATERIAL 

SUB SPEC SPEC 
SECT SECT 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
13900 MISCELLANEOUS SPECIAL CONSTRUCTION 138,104 

SUBTOTAL SPEC SECTION 13900 138,104 

SUBTOTAL SPEC DIVISION 13 138,104 

TOTAL 138,104 

LABOR 

SUB SPEC 
SECT 

87,468 

CAT CODE: 
UIC: N1 
P-NO.: 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

DATE OF ESTIMATE: 05/16/96 
BID DATE: 05/05/96 

EQUIPMENT 

SPEC SUB SPEC SPEC 
SECT SECT SECT 

53,056 
87,468 53,056 

87,468 53,056 

87,468 53,056 

05/16/96 15 
01/21/92 02 

CSS325 

SPEC 
SECT 

278,628 

278,628 

278,628 

I 

.
I 
I 
I 
I 
I 
I 
I .1 
I 
I 
I 
I 
I 
I 
I -. 
I 



I 
I BACKUP REPORT: 

.: ~.'INARY 

I ENGINEERING ESTIMATE 

I 
I 
I 
I 

PROJECT: CSS PANAMA CITY, SITE 325 
LOCATION: PANAMA CITY, FLORIDA 
ESTIMATORS: BLAKE SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 

QUAN U/M 

DM DE-MOBILIZATION 
CON001 

SOD AND GRASS SEEDING 2.00 LOT 
SUBTOTAL-GROUP DM 

TOTAL FOR GROUP DM 

200,000.00 

MUP/ 
EXT 

150.00* 
300 
300 

409 

LUP/ 
EXT 

CAT CODE: 
UIC: N1 
P-NO. : 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

DATE OF ESTIMATE: 05/16/96 
BID DATE: 05/05/96 

EUP/ 
EXT TOTAL 

05/16/96 15 
01/21/92 02 

CSS325 

0.00* 0.00* 150.00 
0 0 300 r 

0 0 300 

0 0 409 
TOTAL INCL OVERHEAD DM 409 0 0 409 

II +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

I 
EC EQUIPMENT COMPOUND 

CON001 GATE: 6' BY 5' WOODEN ST 
OCKADE FENCING GATE 

.e:::: 
I 

CON002 

CON002 

I 

6' PERIMETER STOCKADE FE 
NCING 
30' BY 30' BY 6" EQUIP 
MENT PAD 

SWITCH BOX 

ELECTRICAL HOOKUP 
SUBTOTAL-GROUP 

TOTAL FOR GROUP 
TOTAL INCL OVERHEAD 

EC 

EC 
EC 

98.00* 
2.00 EA 196 

13.00* 
115.00 LF 1,495 

2.29* 
900.00 SF 2,061 

0.00* 
1.00 EA 0 

580.00* 
1.00 LS 580 

4,332 

5,909 
5,909 

97.00* 0.00* 195.00 
194 0 390 

2.80* 0.00* 15.80 
322 0 1,817 

0.61* 0.00* 2.90 
549 0 2,610 

49.62* 356.00* 405.62 
50 356 406 

124.00* 0.00* 704.00 
124 0 704 

1,239 356 5,927 

1,689 486 8,084 
1,689 486 8,084 

II +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

EQ EQUIPMENT 

I CON001 
LIQUID RING PUMP SYSTEM 

CON001 
DUAL PHASE EXTRACTION 

I CON001 AIR COOLED HEAT EXCHANGE 

CON001 

I 
I .-
I 

R 

AIR SPARGING SYSTEM 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

0.00* 0.00* 9,850.00* 9,850.00 
0 0 9,850 9,850 

0.00* 0.00* 1,800.00* 1,800.00 
0 0 1,800 1,800 

0.00* 0.00* 3,400.00* 3,400.00 
0 0 3,400 3,400 

0.00* 0.00* 6,500.00* 6,500.00 
0 0 6,500 6,500 



BACKUP REPORT: PRINTING DATE: 05/16/96 15 
GROUPS DATABASE DATE: 01/21/92 02 

PAGE NUMBER 2 

MUP/ LUP/ EUP/ 
QUAN U/M EXT EXT EXT TOTAL 

CON001 POLYETHYLENE SKID MOUNTE 0.00* 0.00* 1,620.00* 1,620.00 
o STORAGE TANKS 1.00 EA 0 0 1,620 1,620 

CON001 STORAGE TANK DISCHARGE P 4.52* 8.80* 0.00* 13.32 
IPING 25.00 LF 113 220 0 333 

CON001 0.00* 0.00* 720.00* 720.00 
DEMISTING PAD 1.00 EA 0 0 720 720 

CON001 4,000.00* 0.00* 0.00* 4,000.00 
CARBON REPLACEMENT 8.00 MO 32,000 0 0 32,000 

SUBTOTAL-GROUP EQ 32,113 220 23,890 56,223 

TOTAL FOR GROUP EQ 43,802 300 32,586 76,688 
TOTAL INCL OVERHEAD EQ 43,802 300 32,586 76,688 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

MB MOBILIZATION 
CON001 MOBILIZATION OF EQUIPMEN 

T AND DRILLER PROCUREMEN 0.00* 2,200.00* 0.00* 2,200.00 
T 1.00 LS 0 2,200 0 2,200 

CON001 MOBILIZATION OF PERSONNE 0.00* 1,000.00* 0.00* 1,000.00 
L 1.00 LS 0 1,000 0 1,000 

CON001 0.00* 850.00* 0.00* 850.00 
PERMIT AQUISITION 1.00 EA 0 850 0 850 

SUBTOTAL-GROUP MB 0 4,050 0 4,050 

TOTAL FOR GROUP MB 0 5,524 0 5,524 
TOTAL INCL OVERHEAD MB 0 5,524 0 5,524 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

OM OPERATION AND MAINTANENC 
ABB001 SAMPLING/ANALYTICAL AND 

REPORTING FOR ONE YEAR I 2,200.00* 6,800.00* 2,100.00* 11,100.00 
N 4 PERIODS 4.00 PRO 8,800 27,200 8,400 44,400 

CON001 INSPECTION AND VISIT COS 0.00* 250.00* 0.00* 250.00 
T PER YEAR 52.00 WKS 0 13,000 0 13,000 

CON001 7,800.00* 0.00* 0.00* 7,800.00 
POWER COSTS FOR ONE YEAR 1.00 YR 7,800 0 0 7,800 

SUBTOTAL-GROUP OM 16,600 40,200 8,400 65,200 

TOTAL FOR GROUP OM 22,642 54,833 11,458 88,933 
TOTAL INCL OVERHEAD OM 22,642 54,833 11,458 88,933 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

PI OPERATION AND MAINTANENC 
CON001 

LIQUID LEVEL SENSOR 6.00 EA 
155.00* 

930 
20.00* 

120 
0.00* 

o 
175.00 
1,050 

1 
. I -1 

1 
I 
I 
I 
I 
I 

-I 
I 
1 
1 
I 
·1 
I 
I -. 
I 



I 
I BACKUP REPORT: .S 
I 
I 

CON001 
PRESSURE INDICATOR 

CON001 
PRESSURE INDICATOR 

I 
CON001 

TOTALIZER FLOW METER 
CON001 

FLOW METER 

I CON001 
BALL VALVES 

CON001 
BALL VALVE 

I CON001 4" BY 4" BY 1" TEE CONNE 
CTION 

CON001 

I 
CAM AND GROVE COUPLER 

CON001 
WELL FLOW METER (WATER) 

CON001 

I 
FLOW METER (AIR) 

CON001 1 IN. SCH. 80 PVC AIR IN 
JECTION 90 DEGREE ELBOW 

CON001 

I. CARBON CANISTERS 
SUBTOTAL-GROUP 

I 
TOTAL FOR GROUP 
TOTAL INCL OVERHEAD 

MUP/ 
QUAN U/M EXT 

58.00* 
12.00 EA 696 

58.00* 
4.00 EA 232 

580.00* 
1.00 EA 580 

235.00* 
4.00 EA 940 

80.00* 
21.00 EA 1,680 

80.00* 
8.00 EA 640 

50.00* 
10.00 EA 500 

50.00* 
15.00 EA 750 

235.00* 
5.00 EA 1,175 

1.00* 
5.00 EA 5 

2.80* 
21.00 EA 59 

6,500.00* 
2.00 EA 13,000 

PI 21,187 

PI 28,899 
PI 28,899 

PRINTING DATE: 05/16/96 15 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER 3 

LUP/ EUP/ 
EXT EXT TOTAL 

20.00* 0.00* 78.00 
240 0 936 

20.00* 0.00* 78.00 
80 0 312 

55.00* 0.00* 635.00 
55 0 635 

25.00* 0.00* 260.00 
100 0 1,040 

12.00* 0.00* 92.00 
252 0 1,932 

12.00* 0.00* 92.00 
96 0 736 

79.00* 0.00* 129.00 
790 0 1,290 

5.20* 0.00* 55.20 
78 0 828 

25.00* 0.00* 260.00 
125 0 1,300 

0.00* 0.00* 1.00 
0 0 5 

14.60* 0.00* 17.40 
307 0 365 

0.00* 0.00* 6,500.00 
0 0 13,000 

2,243 0 23,429 

3,059 0 31,958 
3,059 0 31,958 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

TR TRENCHING AND PIPING 
CON001 I 

VACUUM REGULATOR 
CON001 

SAMPLING PORT 
CON001 I 

PAVEMENT DISPOSAL 
CON001 

PAVEMENT CUTTING I 
CON001 TRENCH EXCAVATION AND BA 

CKFILL 
CON001 4 IN. DIA. SCH. 80 PVC V 

ACUUM EXTRACTION PIPING I 
CON001 

I 
UTILITY LOCATION SURVEY 

I 
•• 
I 

1.00 EA 

14.00 EA 

120.00 SF 

120.00 LF 

390.00 LF 

20.00 EA 

1.00 LS 

110.00* 7.50* 0.00* 117.50 
110 8 0 118 

8.27* 2.10* 0.00* 10.37 
116 29 0 145 

0.00* 3.80* 0.00* 3.80 
0 456 0 456 

0.00* 2.56* 0.00* 2.56 
0 307 0 307 

1.80* 0.00* 0.00* 1.80 
702 0 0 702 

10.20* 0.00* 0.00* 10.20 
204 0 0 204 

0.00* 1,500.00* 450.00* 1,950.00 
0 1,500 450 1,950 



BACKUP REPORT: PRINTING DATE: 05/16/96 15 
GROUPS DATABASE DATE: 01/21/92 02 

PAGE NUMBER 4 

MUP/ LUP/ EUP/ 
QUAN U/M EXT EXT EXT TOTAL 

CON001 CONTAMINATED SOIL DISPOS 1.00* 0.00* 0.00* 1.00 
AL FROM TRENCHES 1.00 LS 1 0 0 

CON001 1 IN. SCH. 80 PVC AIR IN 4.60* 5.20* 0.00* 9.80 
JECTION PIPING 785.00 LF 3,611 4,082 0 7,693 

CON001 1 IN. SCH. 40 PVC VEE PI 4.60* 5.20* 0.00* 9.80 
PING 1,750.00 LF 8,050 9,100 0 17,150 

CON001 1.00* 0.00* 0.00* 1.00 
PIPING INSTALLATION 2,940.00 LF 2,940 0 0 2,940 

CON001 ONSITE CONTAMINATED SOIL 1.00* 0.00* 0.00* 1.00 
TEMPORARY STORAGE 1.00 LS 1 0 0 

CON001 CLAY LINER, 2' THICK FOR 8.30* 4.62* 1.34* 14.26 
VEE AND AAS 150.00 SY ~ 693 201 2,139 

SUBTOTAL-GROUP TR 16,980 16,175 651 33;806 

TOTAL FOR GROUP TR 23,160 22,063 888 46,111 
TOTAL INCL OVERHEAD TR 23,160 22,063 888 46,111 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

WD TRENCHING AND PIPING 
CON003 7.00* 0.00* 0.00* 7.00 

BENTONITE SEAL IN WELLS 14.00 LF 98 0 0 98 
CON003 INVESTIGATIVE WASTE DISP 500.00* 0.00* 0.00* 500.00 

OSAL 7.00 LS 3,500 0 0 3,500 
CON003 12.00* 0.00* 0.00* 12.00 

SAND PACK FOR WELLS 120.00 LF 1,440 0 0 1,440 
CON003 HALLOW STEM AUGER BORE H 28.00* 0.00* 0.00* 28.00 

OLE ADVANCEMENT 150.00 LF 4,200 0 0 4,200 
CON003 GROUT INSTALLATION IN WE 5.00* 0.00* 0.00* 5.00 

LLS 100.00 LF 500 0 0 500 
CON003 0.00* 0.00* 2,400.00* 2,400.00 

DRILLIER MOBIOIZATION 1.00 LS 0 0 2,400 2,400 
SUBTOTAL-GROUP WD 9,738 0 2,400 12,138 

TOTAL FOR GROUP we 13,283 0 3,274 16,556 
TOTAL INCL OVERHEAD WD 13,283 0 3,274 16,556 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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